Phenotypic and Niche Evolution in the Antbirds (Aves: Thamnophilidae) by Bravo, Gustavo Adolfo
Louisiana State University
LSU Digital Commons
LSU Doctoral Dissertations Graduate School
2012
Phenotypic and Niche Evolution in the Antbirds
(Aves: Thamnophilidae)
Gustavo Adolfo Bravo
Louisiana State University and Agricultural and Mechanical College, gbravo1@tigers.lsu.edu
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_dissertations
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Doctoral Dissertations by an authorized graduate school editor of LSU Digital Commons. For more information, please contactgradetd@lsu.edu.
Recommended Citation
Bravo, Gustavo Adolfo, "Phenotypic and Niche Evolution in the Antbirds (Aves: Thamnophilidae)" (2012). LSU Doctoral
Dissertations. 4010.
https://digitalcommons.lsu.edu/gradschool_dissertations/4010
PHENOTYPIC AND NICHE EVOLUTION IN THE ANTBIRDS 
(AVES, THAMNOPHILIDAE)
A Dissertation
Submitted to the Graduate Faculty of the
Louisiana State University and
Agricultural and Mechanical College
in partial fulfillment of 
the requirements for the degree of
Doctor of Philosophy
in
The Department of Biological Sciences
by
Gustavo Adolfo Bravo
B. S. Universidad de los Andes, Bogotá, Colombia 2002
August 2012
A mis viejos que desde niño me inculcaron el amor por la naturaleza y me enseñaron a seguir 
mis sueños. 
And, to the wonderful birds that gave their lives to make this project possible.
ii
ACKNOWLEDGMENTS
First, I would like to thank my advisors Dr. J. V. Remsen, Jr. and Dr. Robb T. Brumfield. Van  
and Robb form a terrific team that supported me constantly and generously during my time at 
Louisiana State University. They were sufficiently wise to let me make my decisions and learn 
from my successes and my failures. Furthermore, their timely advices allowed me grow 
academically and personally. Having been co-advised by this terrific team certainly made my 
years at LSU a unique experience that provided me scientific foundations of the highest quality. I 
am also grateful to the remaining members of my committee for contributing positively to my 
academic, professional, and personal life. They are Dr. Kyle Harms, Dr. Phil Stouffer, Dr. Bryan 
Carstens, and Dr. Amy Grooters. 
 I also would like to thank the faculty and staff of the Department of Biological Sciences 
and the Museum of Natural Science. I am grateful to those faculty members that provided 
invaluable support at various points of my graduate studies: Dr. Thomas Moore, Dr. Jacqueline 
Stephens, Dr. Michael Hellberg (chairs of graduate studies), Dr. Fred Sheldon (Director of 
LSUMNS), Dr. Prosanta Chakrabarty, Dr. Bill Wischusen, Dr. Ginger Brininstool, Dr. Adam 
Smith, and Dr. Bruce Williamson. Moreover, I am especially indebted to those LSU staff 
members that assisted me in many aspects of my academic and research activities. They are 
Tammie Jackson, Prissy Milligan, Steve Cardiff, Donna Dittmann, Allaina Fergusson, Peggy 
Simms, Gwen Mahon, Laura Savage, and Chimene Williams. Without their assistance it would 
have been more difficult to successfully conclude my research and academic activities.
iii
 My research was also possible thanks to vast knowledge and advices that at different 
stages of my doctoral studies were shared by Morton Isler, Bret Whitney, Phyllis Isler, Dan Lane, 
and Brian Smith. I would like to thank curators, collection managers, and staff at various 
museums that allowed me access to material under their care. These museums are: AMNH—
American Museum of Natural History, New York City; ANSP—Academy of Natural Sciences of 
Philadelphia, Philadelphia; COP—Colección Ornitológica Phelps, Caracas, Venezuela; FMNH—
Field Museum of Natural History, Chicago; IAvH—Instituto Alexander von Humboldt, Villa de 
Leyva, Colombia; ICN—Instituto de Ciencias Naturales, Bogotá, Colombia; INPA—Instituto 
Nacional de Pesquisas da Amazônia, Manaus, Brazil; KU—University of Kansas Natural History  
Museum, Lawrence; LGEMA—Laboratório de Genética e Evolução Molecular de Aves 
Universidade de São Paulo, São Paulo, Brazil; MCP—	  Coleção de Ornitologia do Museu de 
Ciências e Tecnologia da Pontifícia Universidade Católica do Rio Grande do Sul, Porto Alegre, 
Brazil; MNRJ—Museu Nacional de Rio de Janeiro, Rio de Janeiro, Brazil; MPEG—Museu 
Paraense Emílio Goeldi, Belém, Brazil; MZJM—Museu de Zoologia João Moojen, Viçosa, 
Brazil; MZUSP—Museu de Zoologia Universidade de São Paulo, São Paulo, Brazil; UAM—
University of Alaska Museum, Fairbanks; USNM—United States National Museum of Natural 
History - Smithsonian Institution, Washington; UWBM—University of Washington Burke 
Museum, Seattle. I am especially thankful to Ricardo Belmonte, Marcos Bornschein, Luís 
Silveira, Alex Aleixo, Andrés Cuervo, Mauricio Álvarez, Daniel Cadena, Jorge Pérez, César 
Sánchez, and Marcos Maldonado for allowing access to important material from Brazil, 
Colombia, Costa Rica, and Venezuela that otherwise would have been impossible to include in 
my dissertation. Luís Silveira, Alex Aleixo, Mario Cohn-Haft, Luciano Naka, Fábio Raposo, 
iv
Sidnei Dantas, Socorro Sierra, Mauricio Álvarez, Juan P. López, Marco Rego, Vitor Piacentini, 
Marina Anciães, Sergio Alvarado, Gary Stiles, and Gary Graves were terrific hosts during my 
visits to various museums in Colombia, Brazil, and the United States. Sebastian Herzog, Miguel 
Lentino, and Tom Schulenberg provided valuable information from Bolivia, Venezuela, and 
Peru.
 My research was supported by grants from the National Science Foundation 
(DEB-0841729, DBI-0400797, and DEB-1011435), Frank Chapman Memorial Fund (American 
Museum of Natural History), American Ornithologists’ Union, LSUMNS Big Day Fund, LSU 
Biograds, and Explorer’s Club Exploration Fund. My academic activities at LSU were kindly 
supported by Curatorial and Teaching Assistantships provided by the LSU Department of 
Biological Sciences. Additional academic and research activities during my doctoral studies, 
such as participation in general collecting expeditions and assistance to professional conferences 
and courses were kindly supported by the National Science Foundation, National Institute for 
Mathematical and Biological Synthesis, American Ornithologist’s Union, Neotropical 
Ornithological Society, Instituto Humboldt, and LSUMNS. 
 I would like to thank all members of the Brumfield and Remsen Labs during my time at 
LSU. My fellow labmates and other ornithology students in the museum constantly supported 
my research activities and definitely made my days at LSU a fantastic experience that I will not 
forget. They are David Anderson, Phred Benham, Clare Brown, Curt Burney, Matt Carling, Zac 
Cheviron, Vivian Chua, Santiago Claramunt, Andrés Cuervo, Elizabeth Derryberry, Caroline 
Duffie, Katie Faust, Dency Gawin, Richard Gibbons, Cheryl Haines, Mike Harvey, Sarah Hird, 
HC Lim, James Maley, Ben Marks, John McCormack, John Mittermier, Luciano Naka, Brian 
v
O’Shea, César Sánchez, Jacob Saucier, Glenn Seeholzer, Brian Smith, Ryan Terrill, and Thomas 
Valqui.
 I also want to thank all my friends and fellow graduate students that shared with me some 
of their time here at LSU. We definitely shared numerous invaluable moments during all these 
years. I especially would like to mention Andrés Cuervo, Carlos Prada, César Sánchez, Luciano 
Naka, Richard Gibbons, James Maley, Fabiana Mendoza, María Sagot, Catalina Restrepo, 
Santiago Claramunt, Dan Lane, Sandra Galeano, Andrea Rivera, Jesús Fernández, and Sebastián 
Tello.  
 I would also like to thank close relatives and close friends for all the support they have 
provided me throughout these years. Ana Camila, Lefo, and Makis, old friends with whom I have 
shared invaluable experiences at different stages of our lives, witnessed all this process from start 
to end. I will never forget the good times we have had and that they have been there for me all 
along. Pilar, Rómulo, Ángela, and Juan opened up the doors of their house for me and always 
treated me as part of their family. I will always be thankful to them for making me feel at home 
and for the infinite support and love they have given me.
 Finally, I would like to thank my lovely family for believing in my capacities and for 
showing me how to follow my dreams. Without them, I would have not been able to achieve this 
goal. My father has always been my biggest inspiration to live my life wisely, to pursue my 
dreams, and to love what I do. My mother is my infinite source of love and peacefulness that 
keeps me going. My sister is a of spark of happiness that constantly reminds me that the most 
important things in life are probably those simple things that we tend to overlook. My Yuyis is 
love and goodness in their purest form. Last but not least, I want to especially thank Nati for 
vi
everything she represents in my life and for being my biggest support throughout all this time. 
During all these years, Nati has been the backbone of my personal life, and her numerous 
contributions to organize, gather, and analyze data were a fundamental part to successfully finish 
my dissertation project. Her love, complicity, infinite patience, endless support, and terrific 
companionship were the biggest motivation that I had not only to successfully go through 
graduate school, but also to face those future endeavors that may be ahead of us. There are 
simply not enough words to express what she means to me.
vii
 TABLE OF CONTENTS
ACKNOWLEDGMENTS..............................................................................................................iii
ABSTRACT....................................................................................................................................ix
CHAPTER 1. INTRODUCTION....................................................................................................1
CHAPTER 2. PHYLOGENETIC ANALYSIS OF SIZE AND SHAPE EVOLUTION IN THE 
MYRMOTHERULA ANTWRENS COMPLEX (AVES: THAMNOPHILIDAE)
Introduction ............................................................................................................................... 9
Methods ................................................................................................................................... 13
Results ..................................................................................................................................... 22
Discussion ............................................................................................................................... 31
CHAPTER 3. PHYLOGENETIC ANALYSIS OF ECOMORPHOLOGICAL AND VOCAL 
DIVERGENCE IN THE ANTBIRDS (AVES: THAMNOPHILIDAE)
Introduction ............................................................................................................................. 39
Methods ................................................................................................................................... 43
Results ..................................................................................................................................... 55
Discussion ............................................................................................................................... 66
CHAPTER 4. TESTING THE ROLE OF TIME AND ENVIRONMENTAL 
HETEROGENEITY IN DRIVING THE DIVERSIFICATION OF THE ANTBIRDS (AVES: 
THAMNOPHILIDAE)
Introduction ............................................................................................................................. 72
Methods ................................................................................................................................... 76
Results ..................................................................................................................................... 84
Discussion ............................................................................................................................... 96
CHAPTER 5.  CONCLUSIONS ............................................................................................... 103
REFERENCES ...........................................................................................................................108
APPENDIX A. SUPPLEMENTARY MATERIAL FOR CHAPTER 2 .................................... 126
APPENDIX B. SUPPLEMENTARY MATERIAL FOR CHAPTERS 3 AND 4 ...................... 133
VITA .......................................................................................................................................... 168
viii
ABSTRACT
A pervasive goal in evolutionary biology has been to address why some clades are richer in 
species or phenotypic diversity than others. The Thamnophilidae is a large family of 
insectivorous passerine birds that provides great opportunities to study variation in species and 
phenotypic diversity. It comprises ca. 220 species that are mostly restricted to the lowlands and 
lower montane forests of the Neotropics. Its species are diverse in body size and shape, and the 
family exhibits high species richness, especially in Amazonian forests, where as many as 40 
species may co-occur. Therefore, the fundamental research goal of my dissertation is to 
understand the relative roles of phylogeny, geography, and ecology in the taxonomic and 
phenotypic diversification of the antbirds (Thamnophilidae) by integrating the first well-resolved 
species-level gene-based phylogeny of the family with morphometric, vocal, ecological, and 
environmental data. 
  A single process neither explains phenotypic diversity nor species diversity in the family, 
and observed patterns are likely the result of various evolutionary mechanisms acting over time. 
Temporal patterns of phenotypic diversification in the family are consistent with an important 
role of adaptive evolution in the Thamnophilidae. Optimal body size values for inhabiting 
specific habitats and foraging in specific forest strata have accounted for convergent evolution 
distantly related clades clades. For some specific traits, such as tail, tarsus, and hallux selective 
pressures have giving rise to distinct morphologies suitable for different environmental 
conditions that have enabled co-existence and high levels of syntopy at local spatial scales.
ix
 Species diversity patterns can be explained by the interaction of the effects of time with 
evolutionary processes that have affected net diversification rates over time. Older lineages tend 
to exhibit higher species richness and that regions colonized earlier tend to have higher species 
richness. Furthermore, niche breadth and climatic heterogeneity account for some of the 
variation that is observed in net diversification rates. Thus, lineages with broader niches tend to 
speciate less and lineages inhabiting more seasonal and drier environments tend to speciate more.
x
CHAPTER 1. INTRODUCTION
Humans have been intrigued by the vast diversity of organisms in nature, as well as 
understanding the origin of that diversity. For many years our ability to answer those important 
questions relied primarily on identifying, naming, and describing biological diversity from 
different regions of the Earth, but little progress was made regarding the origin of diversity 
patterns until the 19th century. Darwin and Wallace’s idea that species descend from a common 
ancestor via natural selection (Wallace 1858; Darwin 1859) provided a framework to understand 
the origin of biological diversity and the mechanisms behind the patterns of diversity in space 
and time. The incorporation of genetic data into evolutionary methods and the development of 
comparative methods brought us a step closer to understanding the origin and patterns of 
biological diversity.
 Studies of model organisms have proven extremely important to our understanding of 
general patterns and mechanisms driving the formation of new species and phenotypic diversity 
(e.g. Losos 1990; Grant & Grant 2002). For instance, we now know that phenotypic diversity 
usually does not evolve uniformly over time (Foote 1997; Harmon et al. 2003), and that closely 
related clades can differ in phenotypic diversity as result of various factors, such as interactions 
with the environment and with other species (e.g. Cooper & Purvis 2009). Also, we know that 
the number of species in clades varies over evolutionary time, (e.g. Roelants et al. 2007; 
Phillimore & Price 2008; Magallón & Castillo 2009), and that differences in species diversity 
across space might be related to historical processes, such as climatic cycles and the formation of 
isolating barriers, or to differences in current ecological conditions (e.g. Qian & Ricklefs 2000; 
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Hawkins et al. 2007; Stevens 2011).
 Phylogenetic comparative methods based on statistical analyses represent powerful tools 
for understanding the patterns and mechanisms underlying biological diversity. They can be used 
to characterize how species and phenotypic diversity have accumulated through time (e.g. 
Harmon et al. 2003; Rabosky 2006), and they allow understanding patterns of phenotypic 
evolution while accounting for phylogenetic relatedness (Felsenstein 1985). When results from 
statistically based, phylogenetic comparative methods are evaluated within a model selection 
environment (Anderson 2008), it becomes possible to assess how likely different scenarios are to 
explain the currently observed patterns of biological diversity (e.g. Harmon et al. 2008). Because 
our ability to recreate past evolutionary events is limited, the combination of comparative 
methods and model selection approaches has proven useful in evolutionary biology.    
The Neotropics harbor more species of birds than any other region on the planet (Stotz et 
al. 1996; Hawkins et al. 2007). The infraorder Furnariides is a species-rich, Neotropical radiation 
of birds that contains ca. 600 species that inhabit nearly every terrestrial habitat in Central and 
South America (Ridgely and Tudor 1994; Krabbe and Schulenberg 2003a, 2003b; Marantz et al. 
2003; Remsen 2003; Whitney 2003; Zimmer and Isler 2003). It is currently classified into seven 
families that vary dramatically in species richness: Conopophagidae (10 species), 
Melanopareiidae, (4), Thamnophilidae (224), Grallariidae (51), Rhinocryptidae (55), 
Formicariidae (11) and Furnariidae (290). High degrees of morphological and ecological 
divergence within the infraorder (Claramunt 2010; Derryberry et al. 2011) are linked to species 
distributions that vary in size, shape, habitat, topography, and environmental conditions, as well 
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as in their degree of sympatry (Rahbek and Graves 2001). Therefore, the Furnariides provide 
unique opportunities for investigating the processes underlying species and phenotypic diversity.
The Thamnophilidae is the second-largest radiation within the Furnariides. This family of 
insectivorous passerine birds comprises ca. 220 species that are mostly restricted to the lowlands 
and lower montane forests of the Neotropics (Zimmer & Isler 2003). Its species are diverse in 
body size and shape (Claramunt 2010), and exhibit high species richness at many Neotropical 
sites, especially in Amazonian forests, where as many as 40 species may co-occur (Terborgh et 
al. 1990; Blake 2007). Co-occurring antbirds vary substantially in body size, plumage, social 
system, microhabitat use, and foraging behavior, including extreme cases of ecological 
specialization, such as arboreal dead-leaf searching and army-ant following foraging behaviors 
(Willis & Oniki 1978; Remsen & Parker 1984; Rosenberg 1993; Zimmer & Isler 2003; 
Brumfield et al. 2007). 
In contrast to many passerine birds, song development in the Thamnophilidae is thought 
to be genetically determined and is independent of learning or cultural evolution (Isler et al. 
1998; Seddon 2005). Vocal divergence in the family is consistent with the acoustic adaptation 
and morphological adaptation hypotheses (Seddon 2005). The former hypothesis suggests that 
selection shapes the structure of vocalizations to maximize sound transmission and perception 
through different habitats by minimizing acoustic effects that degrade the sound quality, such as 
attenuations, frequency-dependent reverberations, and irregular amplitude fluctuations (Wiley & 
Richards 1982). Therefore, frequency and temporal patterns of bird vocalizations adapt to 
optimal performances in different habitats (Morton 1975; Ryan & Brenowitz 1985). Low-
frequency songs with whistle-like tones and longer duration should be prevalent in habitats with 
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complex vegetation structure, whereas high-frequency songs with high levels of frequency 
modulations (i.e. trills) and shorter duration are expected in habitats with dense herbaceous 
coverage (Morton 1975). The morphological adaptation hypothesis states that vocal performance 
varies as a function of the morphology of those structures that affect the process of sound 
production, such as the inner vocal tract, the bill, and body size (Ryan & Brenowitz 1985; Podos 
1997, 2001). In the Thamnophilidae, species with larger body sizes generally have vocalizations 
with lower frequencies, and species with thinner bills tend to produce slower loudsongs (Nemeth 
et al. 2001; Seddon 2005). Furthermore, birds associated with the understory and canopy have 
higher-pitched loudsongs than those that vocalize mostly in the midstory, which suggests that 
perch height poses selective pressures for sound transmission in the Thamnophilidae (Nemeth et 
al. 2001; Seddon 2005).
Although the Thamnophilidae is considered a widespread group of birds, its distribution 
is more constrained relative to that of other endemic Neotropical avian radiations such as the 
Furnariidae or the Tyrannidae. Only few antbirds occur in open habitats such as savannas, 
grasslands, and xeric environments, and no thamnophilids occur at very high elevations or 
latitudes (e.g., Patagonia, High Andes), or in very arid areas (e.g., xeric regions of Peru and 
Chile; Isler 1997; Zimmer & Isler 2003).
 The fundamental research goal of my dissertation is to understand the relative roles of 
phylogeny, geography, and ecology in the taxonomic and phenotypic diversification of the 
antbirds (Thamnophilidae) by integrating the first well-resolved species-level gene-based 
phylogeny of the family with morphometric, vocal, ecological, and environmental data. 
Diversification analyses of these data will provide new insights into the forces governing avian 
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diversification in the Neotropics, and more generally, to the understanding of the mechanisms 
that generate and maintain biological diversity.
 In Chapter 2, I examine phenotypic similarity in a group of antbirds that traditionally have 
been placed in the genus Myrmotherula, but current phylogenetic knowledge indicates that they 
are a polyphyletic group that have converged into a similar “Myrmotherula” morphotype. With 
the exception of a few groups, such as lizards in the genus Anolis (e.g. Losos 1990; Harmon et al. 
2005; Kolbe et al. 2011) and fish in the family Cichlidae (e.g. Rüber & Adams 2001; Hulsey et 
al. 2008), it is not yet clear whether phenotypic similarity represents the retention of ancestral 
phenotypes or convergent evolution.
When phenotypic and ecological similarity is exhibited among lineages that have a 
relatively recent common ancestor, the pattern is known as phylogenetic niche conservatism, and 
it can result from lack of genetic variation, stabilizing selection, gene flow among lineages, or 
lack of opportunities for colonizing new niches (Wiens & Graham 2005; Losos 2008). When 
distantly related species independently evolve to become more similar to each other, the pattern 
is considered convergent evolution (Stayton 2006; Losos 2011), and this can be the consequence 
of coincidence, adaptation via natural selection (e.g. Grant et al. 2004), exaptation (Gould & 
Vrba 1982), genetic drift (Stayton 2008), or correlated response to selection on another character 
(reviewed by Larson & Losos 2004; Losos 2011). Distinguishing phylogenetic niche 
conservatism from convergent evolution represents a fundamental step toward understanding the 
mechanisms underlying phenotypic diversity.
 Therefore, I integrate a comprehensive species-level molecular phylogeny of the group 
with morphometric and ecological data to test whether phenotypic similarity within the complex 
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is due to phylogenetic niche conservatism or to convergent evolution. I also test potential 
mechanisms underlying body size and shape evolution, and assess ecological correlates of 
phenotypic diversification.
 In Chapter 3, I study the effects of ecological specialization on the rates of 
ecomorphological and vocal evolution in the Thamnophilidae. Ecological specialization may 
increase rates of phenotypic evolution by providing the opportunity for diversification in 
unexploited adaptive zones and by reducing competitive interactions (Simpson 1944; 1953; 
Schluter 2001). However, because ecological specialization has also been viewed as an 
evolutionary “dead-end” that limits further evolution (Simpson 1953; Kelley & Farrell 1998), 
rates of phenotypic evolution could be predicted to decrease after a lineage has achieved 
specialization and to stabilize around optimal phenotypic values, with consequent low 
phenotypic variance. Evidence that ecological specialization represents an evolutionary “dead 
end” that limits evolution is still equivocal, and recent empirical work has shown that ecological 
specialization does not necessarily limit further evolution (Nosil 2002; Nosil & Mooers 2005; 
Tripp & Manos 2008). 
 I integrate the first well-resolved species-level phylogeny of the Thamnophilidae with 
quantitative and qualitative ecomorphological, vocal, and ecological information to test whether 
ecological specialization represents adaptive opportunities that generate an increase in rates of 
phenotypic evolution or evolutionary dead-ends in which rates of evolution slow down. 
Specifically, I (1) test whether rates of phenotypic evolution in the family are consistent with a 
process of adaptive radiation; (2) assess the variation of phenotypic rates of dead-leaf foraging 
and army-ant-following foraging specializations; (3) assess the effects of vocal adaptation to 
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different acoustic environments on rates of vocal evolution; and (4) test for correlated rates of 
evolution among ecomorphological and vocal traits.
In Chapter 4, I explore the effects of time and environmental heterogeneity in driving 
species diversification in the Thamnophilidae. A potential explanation for the variation of species 
richness is that older clades or those areas colonized earlier in history exhibit higher species 
richness because diversification has occurred over longer periods (Stephens & Wiens 2003; 
McPeek & Brown 2007; Wiens et al. 2009). Moreover, because the number of species in a 
particular region is ultimately affected by the processes of speciation, extinction, and dispersal 
(Ricklefs 1987), spatial and temporal variation in species richness is the result of mechanisms 
that change the balance of these three processes over time (i.e. diversification rates; Ricklefs 
2006; Wiens et al. 2009; Wiens 2011). Several hypotheses have invoked factors such as area (e.g. 
Rosenzweig 1995), geometric constraints (e.g. Colwell et al. 2004), climate (e.g. Francis & 
Currie 2003), habitat heterogeneity (e.g. Rahbek & Graves 2000), metabolic rates (Brown 2004), 
energy availability (e.g. Rohde 1999), and species interactions (e.g. Gotelli et al. 2010) as drivers 
of species diversity over time. Therefore, identifying how these ecological and environmental 
factors might influence the rates of speciation, extinction, and dispersal represents a key step to 
provide mechanistic explanations for species diversity patterns (e.g. Cardillo et al. 2005; 
Mittelbach et al. 2007).
I integrate continental-scale distributional and environmental data with a robust species-
level phylogeny of the Thamnophilidae to assess the relative roles of time and environmental 
heterogeneity (as a factor that may affect diversification rates) in driving the diversification 
process of the family Thamnophilidae.
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Finally, in Chapter 5 I summarize the results from previous chapters. I especially focus on 
discussing the implications of my results in the light of avian diversification in the Neotropics, 
and the insights gained by integrating phylogenetic, ecomorphological, vocal, distributional, and 
ecological data within a model-selection framework.  
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CHAPTER 2. PHYLOGENETIC ANALYSIS OF SIZE AND SHAPE EVOLUTION IN 
THE MYRMOTHERULA ANTWRENS COMPLEX (AVES: THAMNOPHILIDAE)
INTRODUCTION
Understanding the mechanisms that generate phenotypic and ecological divergence among 
related lineages carries implications for explaining various ecological (Grant & Grant 2002; 
Langerhans & Gifford 2009) and evolutionary patterns (e.g. Kozak et al. 2005; Derryberry et al. 
2011). A pattern that remains to be studied in various vertebrate groups is phenotypic similarity 
among phylogenetically independent lineages.  With the exception of a few groups, such as 
lizards in the genus Anolis (e.g. Losos 1990; Harmon et al. 2005; Kolbe et al. 2011) and fish in 
the family Cichlidae (e.g. Rüber & Adams 2001; Hulsey et al. 2008) it is yet unclear whether 
phenotypic similarity represents the retention of ancestral phenotypes (i.e., plesiomorphy) or 
convergent evolution (i.e., homoplasy).
When phenotypic and ecological similarity is exhibited among lineages that have a 
relatively recent common ancestor, the pattern is known as phylogenetic niche conservatism, and 
it can result from lack of genetic variation, stabilizing selection, gene flow among lineages, or 
lack of opportunities for colonizing new niches (Wiens & Graham 2005; Losos 2008). When 
distantly related species independently evolve to become more similar to each other, the pattern 
is considered convergent evolution (Stayton 2006; Losos 2011), and this can be the consequence 
of coincidence, adaptation via natural selection (e.g. Grant et al. 2004), exaptation (Gould & 
Vrba 1982), genetic drift (Stayton 2008), or correlated response to selection on another character 
(reviewed by Larson & Losos 2004; Losos 2011). Distinguishing phylogenetic niche 
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conservatism from convergent evolution represents a fundamental step toward understanding the 
mechanisms underlying phenotypic diversity.
Body size and shape are two components of ecomorphological space that are likely to 
exhibit some amount of covariation within a group of closely related organisms (Mosimann 
1970; Miles & Ricklefs 1984). Selective, developmental, and genetic constraints, that may or not 
have phylogenetic signal, can be the source of covariation among traits (Arnold 1992; 
Klingenberg 2008). High levels of covariation can mask the outcome of evolutionary processes 
acting separately on body size and shape (Revell 2009). Therefore, because body size and shape 
of an organism can be subject to different evolutionary processes (Miles & Ricklefs 1984), it is 
important to take into account variation in body size and shape when testing potential 
mechanisms that drive phenotypic diversity  (Mosimann 1970; Claramunt 2010).
 Statistically based phylogenetic comparative methods can be used to quantify the degree 
of ecological and phenotypic similarity among related species while accounting for phylogenetic 
relatedness; this allows distinguishing ancestral from derived similarity and identifying potential 
routes to the latter (e.g. Stayton 2006; Revell et al. 2007; Sidlauskas 2008). Therefore, they not 
only represent a powerful quantitative tool to test whether such similarity is consistent with niche 
conservatism or convergent evolution, but also they offer the possibility of revealing the 
potential role of natural selection and adaptation in driving phenotypic evolution among close 
relatives (Cooper et al. 2010). 
The Myrmotherula complex (sensu Zimmer & Isler 2003) in the Neotropical family 
Thamnophilidae, is a group of 35 species of sexually dimorphic small insectivorous forest birds 
that are relatively homogeneous in size and shape. The complex is ideal to study evolutionary 
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processes underlying relationships between ecology and morphology because it forms a tight 
ecological assemblage of relatively high species richness, high levels of intrageneric sympatry 
and syntopy, and considerable morphological geographic variation (Stotz 1990). The complex 
has been traditionally subdivided into three groups defined by male plumage types, which also 
exhibit some behavioral and ecological differences, such as foraging behavior and habitat 
preferences (Figure 2.1; Hackett & Rosenberg 1990; Stotz 1990; Ridgely & Tudor 1994; Zimmer 
& Isler 2003). The first group is composed of ten species, commonly referred to as the “streaked 
antwrens”, that occur mainly in the canopy and forest borders of lowland forests; some species 
join mixed-species flocks in the canopy (e.g. Pearson 1977; Powell 1979; Munn 1985; Stotz 
1990). The second group contains 13 species, commonly known as the “gray antwrens” that 
occur in the understory and midstory of lowland and subtropical forests; most species join 
understory mixed-species flocks (e.g. Munn & Terborgh 1979; Stotz 1990; Whitney 1994; 
Whitney & Pacheco 1997). The third group is composed of eight species known as the “stipple-
throated antwrens” based on their spotted throat plumage. These species are dead-leaf foraging 
specialists, and join understory mixed-species flocks (Hackett & Rosenberg 1990; Rosenberg 
1990; Stotz 1990; Rosenberg 1993). Four additional species (Myrmotherula guttata, M. 
hauxwelli, M. gularis, M. assimilis) show combinations of plumage, behavioral, and ecological 
characters that make their assignment into any of these ecomorphological groups difficult 
(Rosenberg 1990; Ridgely & Tudor 1994; Zimmer & Isler 2003). 
Recent phylogenetic work has shown that Myrmotherula represents a polyphyletic group 
(Hackett & Rosenberg 1990; Irestedt et al. 2004; Brumfield et al. 2007; Bravo et al. 2012), 
implying that different groups within the complex have either converged into similar 
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morphologies or have retained ancestral morphological features. The magnitude of phenotypic 
similarity may also have been overestimated due to resemblance in few phenotypic traits. 
Current taxonomic classification places the “stipple-throated antwrens” in the genus 
Epinecrophylla (Isler et al. 2006), “Myrmotherula” guttata and “M.” hauxwelli in the genus 
Isleria (Bravo et al. 2012), and “M.” gularis in the genus Rhopias (Belomonte et al. in review).
Here, we integrate a comprehensive species-level molecular phylogeny of the 
Myrmotherula complex with morphometric and ecological data to test whether phenotypic 
similarity within the complex is due to phylogenetic niche conservatism or to convergent 
evolution. We also test potential mechanisms underlying body size and shape evolution, and 
assess ecological correlates of phenotypic diversification.
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Figure 2.1. Plumage types traditionally recognized within the Myrmotherula complex. A. 
Streaked assemblage (Myrmotherula surinamensis). B. Gray assemblage (M. minor). C. 
Stipple-throated assemblage (Epinecrophylla haematonota). D. Isleria guttata-hauxwelli (I. 
guttata). E. Rhopias gularis. 
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METHODS
Molecular data
We sampled 126 vouchered thamnophilid individuals, including two samples from 33 of the 35 
species recognized in the Myrmotherula complex, and at least one individual from 30 other 
genera (Table A.1.). This taxon sampling represents not only all major radiations within the 
family, but also spans the family’s range of ecomorphological variation. Samples of 
Myrmotherula sunensis and M. fluminensis were not available to us. For outgroups, we included 
one representative of all other families in the infraorder Furnariides (Formicariidae, 
Rhinocryptidae, Grallariidae, Furnariidae, Conopophagidae, and Melanopareiidae; Moyle et al. 
2009) and the family Pipridae in the infraorder Tyrannides (Tello et al. 2009).
We used standard methods described elsewhere (Groth & Barrowclough 1999; Barker et 
al. 2002; Brumfield & Edwards 2007) to extract genomic DNA from pectoral muscle and to 
amplify and obtain sequences for six genes. After combining newly obtained sequences with 
sequences from our previous work (Brumfield & Edwards 2007; Brumfield et al. 2007; Moyle et 
al. 2009; Gómez et al. 2010; Derryberry et al. 2011; Bravo et al. 2012), we were able to include 
sequences for all ingroup and outgroup individuals for three mitochondrial genes (cytochrome b 
– cytb, 1,045 bp; NADH dehydrogenase subunit 2 – ND2, 1,041 bp; and NADH dehydrogenase 
subunit 3 – ND3, 351 bp) and one autosomal nuclear intron (β-fibrinogen intron 5 – βF5; 568bp). 
For a subset of 57 individuals that represent genus-level clades, we included sequences of two 
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protein-coding nuclear genes (recombination activation gene 1 – RAG1, 2,872bp; recombination 
activation gene 2 – RAG2, 1,152 bp). 
We edited sequences using Sequencher 4.7 (Gene Codes Corporation, Ann Arbor, MI) 
and checked that protein-coding sequences did not include stop codons or anomalous residues. 
We aligned sequences using the program MAFFT v. 6 (Katoh et al. 2002), and obtained a 
concatenated dataset using Geneious Pro v5.5 (Drummond et al. 2011). The final alignment 
included 7,035 base pairs. 
Partition and substitution models
We estimated the optimal partitioning regime using the strategy described in Li et al. (2008) to 
designate partitions based on their similarity in evolutionary parameters. The data were fully 
partitioned (a different partition for each position of each coding gene [15] and the nuclear 
intron) and each of the 16 data blocks was optimized independently under a GTR+Γ model using 
the ML method in RAxML (Stamatakis 2006). We selected six partitioning strategies based on 
similarities of substitution rates, base composition, and the gamma parameter among data blocks 
(Table A.2.). We then used RAxML to obtain likelihood values for each partition strategy for 
GTR+ Γ model and identified the most informative strategy calculated values using the Akaike 
Information Criterion (AIC). We established that the most informative partition scheme was the 
one with 16 partitions (the nuclear intron and each codon position for each coding gene are 
treated separately; Table A.2.). For each partition we evaluated the 24 substitution models 
available from MrModeltest 2.3 (Nylander 2004) implemented in PAUP* (Swofford 2003), and 
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identified the best substitution model via comparison of Akaike Information Criterion – AIC 
(Akaike 1974; Table A.3.).
Phylogenetic inference
We generated a phylogenetic hypothesis for the Myrmotherula complex under both maximum-
likelihood and Bayesian frameworks. Maximum-likelihood analyses were conducted with the 
GTR+Γ model of nucleotide substitution and 1,000 bootstrap replicates using RAxML 7.2.7 
(Stamatakis 2006) on the Cipres Science Gateway V 3.1 (Miller et al. 2010). Bayesian inference 
analyses in MrBayes 3.1.2 (Huelsenbeck & Ronquist 2001) implemented at the University of 
Oslo Bioportal (Kumar et al. 2009). We performed the analysis with four runs and four MCMC 
chains, using 20 million generations with a sample frequency of 1,000, a chain temperature of 
1.75, and a burn-in of 20%. 
We estimated a relative time-measured phylogeny in a Bayesian framework using the 
program BEAST v1.6.1 (Drummond & Rambaut 2007). We used an uncorrelated lognormal 
model (UCLD; Drummond et al. 2006) with unlinked substitution models across partitions, and 
clock models linked by gene. Substitution parameters were based on results previously 
conducted in MrModeltest. Clock parameters used lognormal distributions with different means 
for each gene based on behavior of chains in preliminary runs. We used a Yule prior for tree 
shape with no restrictions on tree shape, and a randomly generated tree was used as a starting 
tree. Because subsequent analyses do not depend on estimation of absolute times but rather on 
relative times, no attempt to calibrate the tree based on absolute times was conducted. We ran 
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analyses for a total of 200 million generations with a sampling frequency of 1,000. We 
determined that replicate analyses converged (effective sample size values > 400) using Tracer 
v1.5 (Drummond & Rambaut 2007). Using TreeAnnotator v1.6.1 (Drummond & Rambaut 2007) 
and a burn-in of 20%, we estimated a posterior distribution of topologies and the maximum clade 
credibility (MCC) tree.
Morphological data
From museum specimens of 358 individuals (4.3 individuals/species) we obtained weight data 
from specimen labels and measured 10 ecomorphological variables representing the size and 
shape of the bill, wing, tail, tarsus, and feet (Table B.5.). For most species, measurements were 
obtained from at least two adult males and two adult females. Five species were represented by 
fewer than four measured specimens (Epinecrophylla fjeldsaai, n= 1; Myrmotherula ambigua, 
n=1; M. behni, n=1; Formicivora iheringi, n=2; and Terenura spodioptila, n=2), and one species, 
Myrmotherula snowi, was completely excluded from morphological analyses due to the lack of 
available specimens to us. Measurements obtained were bill length, bill width and depth at the 
level of the anterior border of the nostrils, wing length to the longest primary, wing length to the 
tenth primary, length to the first secondary feather, tail maximum length, central rectrix 
maximum width, tarsus length, and hallux length. All measurements were taken with a Mitutoyo 
Digimatic Point Caliper by G.A.B and details of how they were taken can be found elsewhere 
(Baldwin et al. 1931; Derryberry et al. 2011). Using a log-transformed dataset for all individuals, 
we obtained mean estimates of each morphological trait for every species. Using the phytools v.
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0.1-6 library (Revell 2012) in the R language for statistical computing (R Core Team 2011), we 
performed a phylogenetic size correction that uses the residuals from a least squares regression 
analysis, while controlling for non-independence due to phylogenetic history (Revell 2009). We 
used log-transformed body weight as a proxy for body size. We then reduced the multivariate 
data set to an uncorrelated set of variables using phylogenetic principal component analyses 
(Revell 2009; 2012). All subsequent analyses were conducted based on this reduced dataset, 
except when noted.
Ecomorphological diversity in the Myrmotherula complex 
We followed four complementary approaches to assess whether levels of phenotypic diversity 
among members of the Myrmotherula complex are consistent with patterns of niche 
conservatism or convergent evolution, and to identify potential mechanisms involved in 
generating observed patterns of phenotypic diversity. First, we quantified the size and shape 
components of ecomorphological variation within all species included in the phylogenetic tree 
and within all members in the Myrmotherula complex. A vector and a matrix describing size and 
shape variation, respectively, were estimated excluding body weight from the log-corrected 
averaged dataset following the approach described by Mosimann (1970). We then estimated the 
size/shape variance ratio for both groups, based on computation of the proper variance, a 
multivariate phenotypic diversity measurement that takes covariation among variables into 
account (Claramunt 2010). To assess whether the obtained size/shape variance ratio for the 
Myrmotherula complex represented a significant deviation from null expectations (i.e., Brownian 
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motion), we compared the observed value against a null distribution of expected ratios created by  
performing the same calculations on 999 permutations of the size vector and shape matrix with a 
significance threshold of 0.05. 
Second, to assess whether differences in size and shape across taxa have remained 
constant over time we estimated, using the APE v2.7-3 library (Paradis et al. 2004) in R, the 
absolute values of the phylogenetically independent contrasts for the size vector and the two first 
phylogenetic principal components of the size-corrected morphometric dataset, and performed 
regression analyses against relative time since the first speciation event on the tree. Because the 
phylogenetic tree did not have complete taxon sampling outside the Myrmotherula complex, 
95% prediction and confidence intervals were estimated to predict where new points would fall 
as more taxa are included in the tree, and to obtain an estimation of how variable independent 
contrasts are over time. A positive relationship would support the idea that the magnitude of 
phenotypic change is greater in more recent speciation events; a negative relationship would 
support that earlier diversification events gave rise to greater phenotypic differences; and no 
relationship would support the notion that phenotypic divergence carried by speciation events 
have neither increased nor decreased over time.
Third, we assessed the phylogenetic signal (i.e., statistical non-independence among 
species traits due to phylogenetic relatedness) of shape and size datasets by estimating Pagel’s λ 
(Pagel 1999) and the K-statistic (Blomberg et al. 2003) in the phytools library in R based on 999 
simulations of trait values on the phylogeny. These statistics assess quantitatively how 
phenotypic traits meet the expectations of Brownian motion. Simulations allow assessing the 
existence of phylogenetic effects. Pagel’s λ takes values from 0 to 1 and K is measured from 0 to 
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∝, where low values indicate phylogenetic independence and high values phylogenetic 
dependence. K = 1 describes Brownian motion. Values of low signal can show that the trait 
values are distributed randomly across the phylogeny or that there is evolutionary stasis (Revell 
et al. 2008; Wiens et al. 2010). Finally, we tested whether the obtained values of K differ 
significantly from Brownian motion by comparing the obtained value with a distribution of K 
values for 999 simulations of traits evolving under Brownian motion.
Finally, to determine potential mechanisms that have produced phenotypic divergence 
over time, we conducted disparity-through-time analyses (Harmon et al. 2003), as implemented 
in the Geiger library (Harmon et al. 2008) in R. Following a model-based approach, we assessed 
which model of phenotypic evolution provides a better fit to the size and shape data given the 
phylogeny (Anderson 2008). We conducted these analyses using the complete phylogeny and 
using a trimmed phylogeny depicting only the history of the core Myrmotherula group (32 
species; Figure 1.2). We evaluated five models that have different implications for understanding 
the mechanisms generating phenotypic diversity: Brownian motion – BM (i.e diffusive drift), 
Pagel’s δ (i.e., variable rates), Ornstein-Uhlenbeck – OU (i.e., stabilizing selection), early burst – 
EB (i.e., exponential variable rates), and white-noise – WN (i.e., moving optimum) models. 
Brownian motion represents diffusive drift with gradual phenotypic change at a constant rate 
(Felsenstein 1985). Pagel’s δ is a model that represents increasing or decreasing rates of trait 
change through time. When δ < 1, phenotypic evolution rates are higher early in history. When δ 
> 1, phenotypic evolution rates are higher during the recent history of the group, and when δ = 1, 
it describes a Brownian motion process. OU is a modified Brownian motion model that describes 
phenotypic change under a process of stabilizing selection, in which variation of phenotypic 
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traits revolve around stationary optimal values or adaptive peaks (Butler & King 2004). EB 
describes a process in which evolutionary rates of phenotypic change increase or decrease 
exponentially through time (Harmon et al. 2010), which is consistent with adaptive radiations 
where phenotypic change occurs rapidly after lineages enter available niches, and decreases as 
niches are filled (Simpson 1944). WN represents a process in which variation of phenotypic traits 
revolves around moving optima, which generates evolutionary phenotypic change that is 
independent from phylogenetic relationships (Hunt 2006; Estes & Arnold 2007). The 
morphological disparity index (MDI) was also quantified to assess how different size and shape 
evolution are from a Brownian motion mode of character evolution. Its magnitude quantifies the 
overall difference in relative disparity with the mean expectation of 1000 simulations under 
Brownian motion. Positive values characterize greater disparity and negative values characterize 
less disparity than expected by Brownian motion.
Ecological correlates of phenotypic evolution 
We investigated the role of habitat, foraging strata, and mixed-species flocking behavior in 
driving morphological evolution in the Myrmotherula complex. To minimize potential effects of 
missing taxa in the phylogeny, we focused these analyses exclusively on the clade that contains 
the core Myrmotherula radiation (Figure 2.2). Habitats and foraging strata were coded as 
categorical variables, based on previous descriptions (e.g. Pearson 1971; 1977; Stotz 1990; 
Whitney 1994, 1997; Stotz et al. 1996; Zimmer & Isler 2003) and recent updates based on our 
own field experience (Table A.4). Habitats were coded into five categorical states, using the main 
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habitat where each species in known to occur (Tropical lowland evergreen forests, Seasonally 
flooded evergreen/Gallery forests, Montane evergreen forests, Tropical Dry/White sand forests, 
Open habitats). Foraging strata were coded into three categorical states that describe the height 
above ground in which each species primarily forages (Understory, Midstory, Canopy). 
Quantitative estimates of mixed-species flocking behavior (MSF) for 17 of the 33 species were 
obtained from the literature (Oniki 1971; Pearson 1977; Powell 1979; Gradwohl & Greenberg 
1980; Munn 1985; Stotz 1990; Whitney & Pacheco 1997; Develey & Peres 2000; Develey & 
Stouffer 2001; Thiollay 2003) and then converted into three categorical states (No MSF 0–25%, 
Occasional-Common MSF 25–75%, Obligate MSF 75–100%; Table A.4). For the remaining 
species, MSF was coded based on previous qualitative descriptions (Zimmer & Isler 2003) and 
our own field experience.
We first performed a maximum-likelihood estimation of ancestral character states for the 
three discrete ecological variables using the APE library in R language. Following a model-based 
approach, we evaluated a model of equal rates (ER), a model of symmetrical rates (SYM), and a 
model that allows all rates to be different (ARD). We tested whether habitat, foraging strata, and 
MSF groups are more different morphologically than would be expected from random 
differentiation given the phylogeny, by performing phylogenetic MANOVAS as implemented in 
the Geiger library in R language. To assess evolutionary associations among ecological groups 
and specific ecomorphological features, we performed phylogenetic ANOVAS and posthoc tests 
for the size vector and each of the 10 size-corrected ecomorphological traits using phytools in R 
language. 
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RESULTS
Phylogeny
The phylogenetic analyses based on maximum-likelihood and Bayesian methods yielded 
identical, highly supported topologies (Figure 2.2). This topology indicates that Myrmotherula 
does not represent a monophyletic group e.g. (Hackett & Rosenberg 1990; Isler et al. 2006; 
Bravo et al. 2012), with members of the genus placed in four distantly related clades. 
Furthermore, the core Myrmotherula clade is paraphyletic with respect to the genera Terenura, 
Formicivora, Stymphalornis, and Myrmochanes. 
Phenotypic diversity in the Myrmotherula complex 
 
Distribution of members of the Myrmotherula complex in size-uncorrected morphological space 
was predominantly associated with variation in body size (PPC1 = 72.15%), whereas shape 
differences mainly in tail and bill account for variation explained by PPC2 (13.80%; Figure 
2.3a). After ecomorphological space was size-corrected, distribution of members of the 
Myrmotherula complex in morphological space was primarily explained by variation in tail 
length, rectrix width, tarsus, and first secondary feather (PPC1 = 43.39%; Figure 2.3b). Variation 
of bill dimensions was mainly associated with PPC2 (20.49%). Variation in hallux was primarily 
explained by PPC3 (8.07%). Variation in tarsus and hallux was correlated with PPC4 (7.37%). 
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Figure 2.2. Maximum-likelihood and 50 % majority-rule Bayesian topology of a subset of the 
Thamnophilidae showing phylogenetic relationships of the Myrmotherula complex. Numbers at each 
node indicate bootstrap support based on 1000 maximum-likelihood replicates (left) and posterior 
probability values (right). Arrow points to basal node of the core Myrmotherula clade.
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Differences in ecomorphospace between size-corrected and size-uncorrected datasets suggest 
that variation in body size in the Myrmotherula complex is wider than shape-related variation 
(Figure 2.3). Moreover, the shape/size variance ratio for all members in the analysis was 12.8, 
whereas for members in the Myrmotherula complex the ratio equaled 63.2. Permutation analysis 
showed that the lower ratio is much lower than expected by chance alone (P < 0.0001,  = 
11.34, s.e. = 0.084). 
 The magnitude of changes in size showed a significant positive relationship with time 
(Figure 1.4; F1,80=5.305, P = 0.024), whereas the magnitude of changes in PPC4 showed a 
Figure 2.3. Size-uncorrected (left) and size-corrected (i.e. shape) ecomorphospace of the family 
Thamnophilidae, illustrating that shape variation is greater than size variation among members of 
the Myrmotherula complex. Green dots – Streaked assemblage. Blue dots – Gray assemblage. 
Red dots – Stipple-throated assemblage. Orange dots – Isleria guttata and I. hauxwelli. Purple 
dot – Myrmotherula gularis. Ellipses represent 95% confidence intervals.
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significant negative relationship (F1,80=4.688, P = 0.033). Distribution of points around the 
tendency line was more widespread for size, PPC1, and PPC2, with a pronounced peak of greater 
differences in magnitude halfway through the history of the group (Figure 2.4).
 Calculations of Pagel’s λ and K showed that levels of phylogenetic signal across traits are 
variable. Size showed high phylogenetic dependence (Pagel’s λ = 0.99; K = 1.95; P < 0.001) and 
was significantly different from K = 1 (i.e., Brownian motion; P = 0.01). PPC1 and PPC5 showed 
values close to Brownian motion expectations (Pagel’s λPPC1 = 1, Pagel’s λPPC5 = 0.94; KPPC1 = 
1.14, KPPC5 = 0.97; P < 0.001); and PPC2, PPC3, and PPC4 showed values of lower phylogenetic 
signal (Pagel’s λPPC2 = 0.94, Pagel’s λPPC3 = 0.94, Pagel’s λPPC4 = 0.87; KPPC2 = 0.78, KPPC3 = 
Figure 2.4. Significant regression models between absolute values of phylogenetically 
independent contrasts (PIC) of size (left) and PPC4 of shape variation (tarsus and hallux; right) 
against relative time. Speciation events during the recent history of the clade yielded greater 
differences in body size than earlier speciation events. Speciation events early in the history of 
the clade yielded greater differences in tarsi and halluces than recent speciation events.
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0.76, KPPC4 = 0.68; P < 0.001). None of the K values were significantly different from K = 1 (i.e., 
Brownian motion; P = [0.10, 0.90]). 
Size disparity was distributed through time at a lower rate than expected by a Brownian 
motion process (Figure 2.5; MDISIZE = -0.19), and the model that provided the best fit to the 
observed data was Pagel’s δ (δ = 0.22, ωi = 0.86, AIC  = -86.32, ΔAIC of other models > 4). 
When models of body size evolution were tested exclusively on the phylogenetic principal 
components of shape variation of the core Myrmotherula clade (PPC1 = 53.4 %, tail; PPC2 = 
19.6 %, bill; PPC3 = 8.3 %, wings and inverse tarsi and hallux) body size evolution was best 
explained by an OU model (AIC = -60.90, ωi = 0.54, Figure 2.6), followed by Pagel’s δ (ΔAIC = 
0.84, ωi = 0.35) and Brownian Motion (ΔAIC = 3.8, ωi = 0.08). A single model does not uniquely  
explain shape evolution neither for the entire complex nor for the core Myrmotherula clade. BM, 
Figure 2.5. Disparity-through-time plots for size (left) and shape (right) for the complete 
Myrmotherula complex showing that, relative to expectation under Brownian motion, size 
disparity was accumulated at a slower pace than shape disparity. Solid line represents observed 
disparity. Dashed line represents the mean of 999 Brownian motion simulations and gray area 
denotes distribution of simulations between 25 % and 75 % quartiles.
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Pagel’s δ, OU, EB, and WN explained comparable proportions of information of the first three 
principal components of shape variation (Tables 2.1 and 2.2). 
Ecological correlates of phenotypic evolution 
Reconstruction of ancestral character states of habitat and foraging strata was most informative 
under a model of equal rates, whereas a symmetrical model was most informative for mixed-
species flocking behavior (Figure 2.7; Table 2.3). The maximum-likelihood ancestral state for 
habitat was Tropical lowland evergreen forest (scaled likelihood = 94.1 %), for foraging strata 
was Understory (scaled likelihood = 79.3 %), and for mixed-species flocking behavior was 
Occasional-common (scaled likelihood = 64.16 %). 
Figure 2.6. Disparity-through-time plots for size (left) and shape (right) for the core 
Myrmotherula clade showing that, relative to expectation under Brownian motion, size 
disparity was accumulated at a slower pace than shape disparity. Solid line represents observed 
disparity. Dashed line represents the mean of 999 Brownian motion simulations and gray area 
denotes distribution of simulations between 25 % and 75 % quartiles.
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Figure 2.7. Ancestral reconstruction of habitat (top), foraging strata (center), and mixed-
species foraging behavior (bottom). 
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Results from phylogenetic MANOVAS and ANOVAS show that species differ in body 
size depending on which habitat they occur (F = 7.07, P = 0.012). Species of open habitats were 
significantly larger than those of tropical lowland evergreen forests and seasonally flooded 
forests. Likewise, species of tropical dry/white sand forests were significantly larger than those 
of seasonally flooded forests. Also, two body size groups were recovered based on foraging 
strata (F = 15.08, P = 0.02): larger species forage in the understory, whereas species of the 
Table 2.1.  Information theoretic statistics and ranking for each of the five models of character 
evolution evaluated for the five principal components of body shape for the entire phylogeny. 
BM = Brownian motion; Pagel’s δ; OU = Ornstein-Uhlenbeck; EB = Early Burst; WN = White 
noise. Statistics provided are ΔAIC value, Akaike weight (ωi), and evidence ratio (εi). 
Morphological Disparity Index (MDI) is also provided for each component.
Shape trait Model Rank ΔAIC ωi εi
PPC1 
(MDI = -0.09)
BM 1 0 0.46 1
EB 2 1.6 0.21 2.23
Pagel’s δ
(δ = 0.89) 3 1.97 0.17 2.68
OU 4 2 0.17 2.72
WN 5 62 0 2.90E+13
PPC2
(MDI = 0.06)
Pagel’s δ
(δ = 2.01) 1 0 0.34 1
OU 2 0.03 0.33 1.02
BM 3 0.7 0.24 1.42
EB 4 2.7 0.09 3.86
WN 5 30 0 3.27E+06
PPC3
(MDI = -0.02)
BM 1 0 0.35 1
Pagel’s δ
(δ = 1.80) 2 0.59 0.26 1.34
OU 3 0.62 0.26 1.36
EB 4 2 0.13 2.72
WN 5 30 0 3.27E+06
PPC4
(MDI = 0.05)
OU 1 0 0.37 1
WN 2 0 0.37 1
Pagel’s δ
(δ = 2.80) 3 1.07 0.22 1.71
BM 4 5.6 0.02 16.44
EB 5 5.6 0.02 16.44
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canopy are smaller. Midstory birds are not significantly different from either canopy or 
understory birds. Species that do not join mixed-species flocks are significantly larger than those 
that are obligate mixed-flock members and those that join them occasionally (F=26.98, P = 
0.002). Regarding shape variation, species with longer (F = 6.26, P = 0.010) and wider tails (F = 
6.98, P = 0.007) are associated with open habitats and tropical dry/white sand forests. Likewise, 
species with longer (F = 13.62, P = 0.02) and wider tails (F = 13.31, P = 0.03) do not join mixed-
species flocks.  Species with longer tarsi inhabit open and tropical dry/white sand forests (F = 
8.85, P = 0.003), and do not join mixed-species flocks (F = 82.02, P = 0.001). Species with 
longer halluces inhabit open habitats and tropical dry/white sand forests (F = 8.59, P = 0.003) 
Table 2.2.  Information theoretic statistics and ranking for each of the five models of character 
evolution evaluated for the three principal components of body shape in the core 
Myrmotherula clade. BM = Brownian motion; Pagel’s δ; OU = Ornstein-Uhlenbeck; EB = 
Early Burst; WN = White noise. Statistics provided are ΔAIC value, Akaike weight (ωi), and 
evidence ratio (εi). Morphological Disparity Index (MDI) is also provided for each component.
Shape trait Model Rank ΔAIC ωi εi
PPC1
(MDI = -0.20)
BM 1 0 0.37 1.00
EB 2 0.25 0.33 1.13
Pagel’s δ
(δ = 0.68) 3 1.56 0.17 2.18
OU 4 1.99 0.14 2.71
WN 5 43.01 0.0 2.28E+09
PPC2
(MDI = 0.23)
WN 1 0 0.55 1.00
OU 2 0.57 0.41 1.33
Pagel’s δ 3 5.68 0.03 17.12
BM 4 12.58 0.00 537.81
EB 5 14.6 0.00 1480.30
PPC3
(MDI = -0.08)
BM 1 0 0.46 1.00
OU 2 1.77 0.19 2.42
Pagel’s δ
(δ = 1.14) 3 1.93 0.18 2.62
EB 4 2 0.17 2.72
WM 5 21 0.00 36315.50
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and do not join mixed-species flocks (F = 21.92, P = 0.01). Species that forage in the canopy 
have relatively shorter wings (F = 19.26, P = 0.008) and shorter secondary feathers (F = 18.79, P 
= 0.01) than those species that forage in other forest strata.
DISCUSSION
Evolution of body size vs. evolution of body shape in the Myrmotherula complex
The amount of body size variation in the Myrmotherula complex, which includes several 
phylogenetically distant clades, is considerably lower than the amount of shape variation (Figure 
Table 2.3.  Information theoretic statistics and ranking for each of the three models of habitats, 
foraging strata, and mixed-flocking behavior change change evaluated in the core 
Myrmotherula clade. ER = Even rates; SYM = Symmetrical rates; ARD = All rates different. 
Statistics provided are ΔAIC value, Akaike weight (ωi), and evidence ratio (εi). 
Ecological trait Model Rank ΔAIC ωi εi
Habitats
ER 1 0 0.99 1
SYM 2 9.25 0.01 102.34
ARD 3 25.86 0.00 4.12E+05
Foraging strata
ER 1 0 0.55 1
SYM 2 0.63 0.41 1.36
ARD 3 5.25 0.04 13.81
Mixed Flocking 
Behavior
SYM 1 0 0.63 1
ER 2 1.38 0.31 2
ARD 3 4.83 0.06 11.21
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2.3). That the shape/size variation ratio is lower within the Myrmotherula complex than across a 
larger sample of species encompassing the entire ecomorphospace occupied by the family 
suggests that the phenotypic similarities among the disparate Myrmotherula clades reflect 
evolutionary constraints on body size, but not shape. This observation differs from the 
observation that body size variation is greater than body shape variation in the Thamnophilidae 
(Claramunt 2010), and suggests that the evolution of body size and body shape have occurred in 
different fashions. The incongruence between family-level analyses (Claramunt 2010) likely 
results from scale-dependent processes. The pattern described for the entire family results in 
greater variance in body size because it represents the outcome of several evolutionary processes 
acting at various phylogenetic, spatial, and temporal scales, whereas the pattern described for the 
Myrmotherula complex reflects the outcome of evolutionary processes acting on a relatively 
similar ecological and behavioral group.
Convergent evolution of body size in the Myrmotherula complex 
Body size evolution not only differs from a Brownian motion process (i.e., diffusive drift), but 
also has not evolved under a constant evolutionary rate over time. Also, it is consistent with 
simulations of a time-dependent model of fluctuating selection of decreased fluctuation rates 
among adaptive peaks over time (Revell et al. 2008). In other words, body size evolution fit a 
model in which a highly variable environment in space and time offers multiple adaptive peaks 
that cause fluctuations in the intensity and directionality of selection over time, ultimately 
leading to changes in body size (Estes & Arnold 2007; Labra et al. 2009; Bell 2010; Uyeda et al. 
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2011) and phenotypic convergence among distantly related groups. Under this scenario, higher 
rates of accumulation of body size disparity followed by a decrease in the rate of size evolution 
are consistent with a decrease in the rate of change among adaptive peaks (i.e., ecological 
opportunities hypothesis; Ricklefs 2006; Harmon et al. 2010; Mahler et al. 2010) that results in 
bounded evolution around optimal values (Simpson 1944). Because smaller phylogenetic and 
time scales allow an unmasking of the effects of evolutionary constraints over longer periods of 
time (Harmon et al. 2010), the supported role of stabilizing selection as the most informative 
model within the core clade of the complex represents further evidence on body size evolving 
around adaptive peaks. 
Whether the observed adaptive pattern leading to convergence is the result of selective 
processes acting on body size remains to be further explored. Convergence is not necessarily the 
result of adaption (Revell et al. 2007), and, as reviewed by Losos (2011), it can be the result of 
coincidence, adaptation, exaptation, or correlated response to selection on another character. In 
some terrestrial vertebrate groups, it has been shown that convergent evolution is primarily 
observed in body shape as result of adaptation in allopatry mediated by ecological factors such as 
energetics, locomotion, perch location and structure, and food item size (e.g. Harmon et al 2005; 
Grant et al. 2004; Wiens et al. 2006). If distantly related subclades of the complex originated in 
allopatry and selection acts directly on body size, convergent evolution in body size 
of the Myrmotherula clade would be the result of adaptation. In contrast, if those subclades 
originated in the same geographic areas exhibiting similar high levels of sympatry and syntopy 
as they do today, it would be likely that body size is not the main subject of natural selection and 
that convergence would be the result of exaptation or correlated response to selection on other 
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phenotypic traits. Also, it is likely that strong selection on body size causes that all coexisting 
members of the Myrmotherula complex to have a similar size (i.e., phenotypic clustering; Gómez 
et al. 2010), but to differ in other phenotypic traits. This scenario has been proposed for a group 
of broadly sympatric North American salamanders that exhibit convergent evolution of body size 
(Kozak et al. 2009).
Ecological correlates of body size evolution in the Myrmotherula complex
Associations between some ecomorphological and ecological traits of the core Myrmotherula 
clade provide further evidence that body size evolution revolves around adaptive peaks. Larger 
species showed an association with tropical dry forests and open habitats, and with lower 
foraging strata. Reconstruction of ancestral states showed that habitat and foraging strata 
diverged among clades early in history, supporting the idea that changes in body size coincided 
with changes in habitat and foraging strata. A potential explanation for these patterns comes from 
the effects of relative humidity and temperature on body size, in which aridity and higher 
temperatures favor increased body size and humidity and cooler temperatures favor decreased 
body size (e.g. Bergmann 1847; Hamilton 1958; 1961; Ashton 2002). Differences in vegetation 
density and microhabitat structure might provide an explanation for differences associated to 
foraging strata. A correlation between vertical vegetation density and the intensity of foraging 
activity causes smaller species to forage in denser vegetation located in higher strata, whereas 
larger species make use of less dense vegetation of lower strata e.g. (Pearson 1971, 1977; 
Greenberg 1979; Stotz 1990). Physical constraints conferred by larger size impede the movement 
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in restricted spaces and the use of smaller branches (Greenberg 1979). However, other potential 
correlates such as productivity, microhabitat structure, interspecific competition might also 
provide mechanistic explanations of these associations (e.g. Pearson 1977; Stotz 1990; Greve et 
al. 2008; Olson et al. 2009) and should be further explored, especially in tropical birds.   
Evolution of body shape in the Myrmotherula complex
Shape variation exhibited by members of the Myrmotherula complex comprises a significant 
portion of the ecomorphospace occupied by the Thamnophilidae (Figure 1.3), and, relative to 
size variation, it was greater than expected by chance. Evaluation of five models of character 
evolution showed that a single model does not fit all components of shape variation and that 
models invoking different parameters and assumptions can explain the variation equally (Table 
1.2). Therefore, shape evolution is not responding solely to any single mechanism, and it 
represents a mosaic of different processes acting differently on different components of 
ecomorphospace. Because the intensity of selective pressures differ across ecomorphospace (e.g. 
Losos 1990; Kozak et al. 2005), and some traits are known to evolve as a consequence of 
selective pressures on other traits (e.g. Grant & Grant 2002; Irschick et al. 2008), it was expected 
to obtain such a noisy pattern. Only PPC1 showed a value of δ lower than one, suggesting that 
differences in tail, tarsus, and the first secondary feather were accumulated earlier in history. 
Other components of variation showed values of δ greater than one, suggesting that differences 
in those traits are concentrated in the recent history of the group. 
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Analyses conducted solely on the core Myrmotherula clade proved useful in describing 
patterns for specific traits. Variation of tail and tarsus showed high phylogenetic signal with 
phenotypic change concentrated toward the base of the tree, and was best explained by Brownian 
motion (i.e., diffusive drift) followed by Early Burst (i.e., adaptive radiation). Simulations of two 
time-dependent models (genetic drift and decreased fluctuation rates among adaptive peaks) are 
in accordance with the information obtained for the evolution of tail and tarsus (Revell et al. 
2008). Because of the high rates of disparity accumulation early in history, evolution of PPC1 
resembles a process of adaptive radiation. This was especially true for the evolution of tail shape, 
whereas the evolution of tarsus and first secondary is closer to a Brownian process with varying 
drift rates. Bill evolution in the core Myrmotherula was best explained by models in which 
character evolution revolves around near constant well-differentiated adaptive peaks that carry 
low phylogenetic signal. These models are consistent with simulations in which the intensity of 
the selection around optima is high (i.e., functional constraints; Revell et al. 2008), suggesting 
that bill shape might be highly tied to specific ecological conditions and that the amount of 
change in bill shape is almost equally distributed throughout the clade. Wing and hallux 
evolution is consistent with true Brownian motion evolution or constant stabilizing selection with 
weak selective pressures (Revell et al. 2008). The former is especially true for wing shape, 
whereas the latter is more informative for hallux shape. 
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Ecological correlates of body shape evolution in the Myrmotherula complex
Evolution of shape in the Myrmotherula complex can be partially explained by habitat, foraging 
strata, and mixed-flocking behavior associations within the core clade. Results from ancestral 
reconstructions of habitat and foraging strata, showed that differentiation occurred early in 
history in concert with changes in PPC1 and PPC2, and a statistical association was found 
between tail, tarsus, and hallux and specific ecological traits. Previous work based on 
quantitative characterization of ecology and foraging behavior of Myrmotherula and other 
groups e.g. (Pearson 1977; Fitzpatrick 1985; Stotz 1990; Price 1991; Rosenberg 1993) found 
similar associations that can be explained by mechanical and physiological constraints of 
ecomorphological performance in specific conditions. Ultimately, these associations have 
evolved as a consequence of a combination of varying selective pressures toward specific 
adaptive peaks and drift.  
Here, we have shown that examination of size and shape evolution in the Myrmotherula 
complex is consistent with different processes that have given rise to this group. Body size in the 
group is a convergent characteristic among distantly related clades in the Thamnophilidae that 
biased previous taxonomic and ecological work into recognizing Myrmotherula as a natural and 
taxomic unit. Optimum body size values of size for inhabiting specific habitats and foraging in 
specific forest strata have accounted for convergent evolution in these clades, matching a similar 
pattern of vocal evolution in the Thamnophilidae (Seddon 2005) but differing from specialized 
traits such as dead-leaf (Rosenberg 1993) and army-ant following behaviors (Brumfield et al. 
2007). Shape variation in the complex is greater than previously acknowledged and is far from 
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showing high levels of phenotypic similarities. In fact, for some specific traits, such as tail, 
tarsus, and hallux selective pressures have given rise to distinct morphologies suitable for 
different environmental conditions and that have enabled co-existence and high levels of syntopy 
at local spatial scales (Gómez et al. 2010). Further qualitative information of habitat use and 
foraging behavior (sensu Remsen & Robinson 1990; Stotz 1990) will allow a clearer 
understanding of the adaptive basis of ecomoprhological traits. 
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CHAPTER 3. PHYLOGENETIC ANALYSIS OF ECOMORPHOLOGICAL AND 
VOCAL DIVERGENCE IN THE ANTBIRDS (AVES: THAMNOPHILIDAE)
INTRODUCTION
A pervasive goal in evolutionary biology is to address why some clades are richer in phenotypic 
diversity than others. Studies of model systems have proven extremely important to our 
understanding of general patterns and mechanisms driving speciation and phenotypic diversity 
(e.g. Grant & Grant 2002). Although it is well known that phenotypic diversity does not typically  
evolve uniformly over time (i.e. variable rates; Foote 1997; Harmon et al. 2003), we still lack a 
thorough understanding of the mechanisms that generate changes in the rates of phenotypic 
evolution. Several factors have been proposed for causing changes in rates of phenotypic 
evolution (reviewed by Cooper & Purvis 2009). Some are inherent attributes of organisms, such 
as body size (e.g. Simpson 1953), metabolic rate (e.g. Nunn & Stanley 1998), and life history 
traits (e.g. Smith & Beaulieu 2009), and others are inherent attributes of populations or species, 
such as ecological specializations (e.g. Futuyma & Moreno 1988), environmental factors (e.g. 
Wright et al. 2006), geographic range size (e.g. Harmon et al. 2008a), population density (e.g., 
Schluter & Grant 1984), and competitive interactions (e.g. Schluter & Grant 1984). The effect of 
these factors on rates of phenotypic evolution has been shown to vary across different groups of 
organisms (Cooper & Purvis 2009). Further assessment of each factor is required independently 
in different groups.
Ecological specialization may increase rates of phenotypic evolution by providing the 
opportunity for diversification in unexploited adaptive zones and by reducing competitive 
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interactions (i.e., key innovations; Simpson 1944; 1953; Schluter 2001). However, because 
ecological specialization has also been viewed as an evolutionary “dead-end” that limits further 
evolution (Simpson 1953; Kelley & Farrell 1998), rates of phenotypic evolution could also be 
predicted to decrease after a lineage has achieved specialization and to stabilize around optimal 
phenotypic values, with the consequence of low phenotypic variance. Recent empirical work 
showed that ecological specialization does not necessarily limit further evolution (Nosil 2002; 
Nosil & Mooers 2005; Tripp & Manos 2008). 
The Thamnophilidae is a diverse radiation of insectivorous passerine birds that presents 
an opportunity to study the factors that affect rates of phenotypic evolution. Its nearly 220 
species are mostly restricted to the lowlands and lower montane forests of the Neotropics 
(Zimmer & Isler 2003) and the family exhibits high species richness at many Neotropical sites, 
especially in Amazonian forests, where as many as 40 species may co-occur (Terborgh et al. 
1990; Blake 2007). Co-occurring antbirds vary substantially in body size, plumage, social 
systems, microhabitat use, and foraging behavior, including ecological specializations such as 
arboreal dead-leaf searching and army-ant following foraging behaviors (Remsen & Parker 
1984; Rosenberg 1993; Zimmer & Isler 2003; Brumfield et al. 2007). These specializations 
confer antbirds the opportunity to use resources that are only exploited by few species in other 
families, and are expected to be reflected on the evolutionary pathway that ecomorphological 
characters have undergone.
Army-ant-following is a unique foraging strategy in which birds attend marauding army-
ant swarms to prey upon arthropods and small vertebrates flushed by the ants (Willis & Oniki 
1978). Arboreal dead-leaf searching is a foraging strategy in which birds search for insects in 
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curled dead leaves suspended in vegetation above the forest floor (Remsen & Parker 1984). In 
the Neotropics these behaviors are restricted to few taxonomic groups, and those species that rely  
solely on these foraging strategies (i.e., obligate or specialists) belong to few genera (Willis & 
Oniki 1978; Remsen & Parker 1984; Rosenberg 1990; Skutch 1996; Willson 2004). Army-ant-
following evolved only three times in the Thamnophilidae and has been shown to be highly 
conserved (Brumfield et al. 2007). Although not formally analyzed, dead-leaf searching might 
also prove to be conserved. Because these specializations are not widespread, they are likely to 
be associated with ecomorphological changes. Diagnosable morphological differences, although 
not necessarily linked to foraging behavior, have been described for the dead-leaf foraging 
specialists in the genus Epinecrophylla (Chapter 1; Hackett & Rosenberg 1990).
Specialization in vocal characters is also known to occur in the Thamnophilidae. In 
contrast to many passerine birds, song development in the family is thought to be non-dependent 
on learning or cultural evolution (Isler et al. 1998; Seddon 2005), but it is consistent with the 
acoustic adaptation and morphological adaptation hypotheses (Seddon 2005). The former 
hypothesis suggests that selection shapes the structure of vocalizations to maximize sound 
transmission and perception through different habitats by minimizing acoustic effects that 
degrade the sound quality, such as attenuations, frequency-dependent reverberations, and 
irregular amplitude fluctuations (Wiley & Richards 1982). Therefore, frequency and temporal 
patterns of bird vocalizations adapt to optimal performances in different habitats. (Morton 1975; 
Ryan & Brenowitz 1985). Low-frequency songs with whistle-like tones and longer duration 
should be prevalent in habitats with complex vegetation structure, whereas high-frequency songs 
with high levels of frequency modulations (i.e. trills) and shorter duration are expected in 
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habitats with dense herbaceous coverage (Morton 1975). The morphological adaptation 
hypothesis states that vocal performance varies as a function of the morphology of those 
structures that affect the process of sound production, such as the inner vocal tract, the bill, and 
body size (Ryan & Brenowitz 1985; Podos 1997, 2001). In the Thamnophilidae, species with 
larger body sizes generally have vocalizations with lower frequencies, and species with thinner 
bills tend to produce slower loudsongs (Nemeth et al. 2001; Seddon 2005). Furthermore, birds 
associated with the understory and canopy have higher-pitched loudsongs than those that 
vocalize mostly in the midstory, which suggests that in Thamnophilidae perch height poses 
selective pressures for sound transmission (Nemeth et al. 2001; Seddon 2005). 
Although factors such as body size and ecological specialization are known to drive 
changes in rates of phenotypic evolution, how they might affect different phenotypic traits is 
unclear. In ecomorphological traits such as locomotion and feeding-associated features that may 
be subject to adaptive pressures imposed by the different environments (Losos 1990; Kozak et al. 
2005), rates of evolution may change when lineages enter or leave adaptive zones that enhance 
or limit the functional performance of the trait (Harmon et al. 2003; Burbrink & Pyron 2009; 
Losos 2010). However, whether that variation in phenotypic evolution rates results from the 
specialization as a key innovation (Simpson 1944; 1953; Schluter 2001) or as an evolutionary 
dead-end (Simpson 1953; Kelley & Farrell 1998) remains to be tested. Similarly, because 
auditory signals have been shown to be partially adapted to specific adaptive environments 
(Morton 1975; Ryan & Brenowitz 1985; Seddon 2005; Boncoraglio & Saino 2007), one might 
expect that their rates of evolution are constrained within those environments in which 
vocalizations are acoustically adapted, therefore exhibiting low variation. Moreover, correlated 
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evolution between rates of evolution of specific attributes of vocalizations and those traits 
functionally related to signal production (e.g. body size, bill size; Ryan & Brenowitz 1985; 
Palacios & Tubaro 2000; Podos et al. 2004a, 2004b; Seddon 2005) might provide support for the 
morphological adaptation hypothesis of vocalizations.
Here, we integrate the first well-resolved species-level phylogeny of the Thamnophilidae 
with quantitative and qualitative ecomorphological, vocal, and ecological information to test 
whether ecological specialization represents adaptive opportunities that generate an increase in 
rates of phenotypic evolution or evolutionary dead-ends in which rates of evolution slow down. 
Specifically, we test whether rates of phenotypic evolution in the family are consistent with a 
process of adaptive radiation; assess the variation of phenotypic rates of dead-leaf foraging and 
army-ant-following foraging specializations; assess the effects of vocal adaptation to different 
acoustic environments on rates of vocal evolution; and test for correlated rates of evolution 
among ecomorphological and vocal traits. 
METHODS
Molecular data
We sampled 571 vouchered thamnophilid individuals, and included at least two individuals of 
218 thamnophilid species. We sampled 97% of the currently recognized species (224) and 100% 
of the genera (47). Samples of Myrmotherula sunensis, M. fluminensis, Formicivora 
erythronotos, Terenura sicki, Pyriglena atra, and Schistocichla caurensis were unavailable. For 
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Frederickena unduliger, Clytoctantes atrogularis, Myrmotherula snowi, Herpsilochmus dugandi, 
H. pectoralis, and Formicivora littoralis, we were only able to include one sample. For 
outgroups, we sampled 12 individuals, including at least one representative of all other families 
in the infraorders Furnariides (Formicariidae, Rhinocryptidae, Grallariidae, Furnariidae, 
Conopophagidae, and Melanopareiidae; Moyle et al. 2009) and Tyrannides (Pipridae, Tytiridae, 
Cotingidae, Tyrannidae; Tello et al. 2009), and the families Eurylaimidae and Acanthisittidae 
(Table B. 1.). 
We used standard methods described elsewhere (Groth & Barrowclough 1999; Barker et 
al. 2002; Brumfield & Edwards 2007) to extract genomic DNA from pectoral muscle and to 
amplify and obtain sequences for six genes. After combining newly obtained sequences with 
sequences from GenBank and our previous work (Brumfield & Edwards 2007; Brumfield et al. 
2007; Moyle et al. 2009; Gómez et al. 2010; Derryberry et al. 2011; Bravo et al. 2012), for at 
least one individual per species (218 species), we were able to include sequences for three 
mitochondrial genes (cytochrome b – cytb, 1,045 bp; NADH dehydrogenase subunit 2 – ND2, 
1,041 bp; and NADH dehydrogenase subunit 3 – ND3, 351 bp) and one autosomal nuclear intron 
(β-fibrinogen intron 5 – βF5; 609 bp). Also, for a subset of 90 individuals that includes all 
outgroups and represent all genus-level clades, we included sequences of two coding nuclear 
genes (recombination activation gene 1 – RAG1, 2,875 bp; recombination activation gene 2 – 
RAG2, 1,152 bp). For the remaining 353 samples we obtained sequences for at least one of the 
mitochondrial genes to verify that none of the samples to be included in the phylogenetic 
reconstruction represented misidentified or contaminated samples.
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We edited sequences using Sequencher 4.7 (Gene Codes Corporation, Ann Arbor, MI) for 
checking that protein-coding sequences did not include stop codons or anomalous residues. We 
aligned sequences using the program MAFFT v. 6 (Katoh et al. 2002) and obtained a 
concatenated dataset using Geneious Pro v5.5 (Drummond et al. 2011). 
Partition and substitution models
Following methods described elsewhere (Li et al. 2008), we established that the most 
informative partition scheme was the one with 16 partitions (the nuclear intron and each codon 
position for each coding gene are treated separately; Table B. 2.). For each partition we evaluated 
the 24 substitution models available from MrModeltest 2.3 (Nylander 2004) implemented in 
PAUP* (Swofford 2003) and identified the best substitution model via comparison of Akaike 
Information Criterion – AIC (Akaike 1974; Table B. 3.).
Phylogenetic inference and molecular clock calibration
We estimated a phylogenetic hypothesis for the Thamnophilidae following a Bayesian 
framework using the program BEAST v1.6.1 (Drummond & Rambaut 2007), using only one 
sample per species after verifying via neighbor-joining analyses that no sequences were the 
product of misidentified tissue samples or contamination (Table B.1). We constructed three 
separate phylogenetic hypotheses that rely on molecular clocks but differ in the type of clock 
used and on the prior constraints around the date of some specific nodes. The first phylogeny 
45
used a strict molecular clock of 2.1% for cytb (Weir & Schluter 2008) and relaxed molecular 
clocks for all other genes, and no prior divergence time for any of the nodes. The second strategy 
used a strict molecular clock for RAG1 and RAG2 and relaxed molecular clocks for all other 
genes, and no prior divergence time for any of the nodes. The clock for RAG1 and RAG2 was 
calculated based on a tree inferred exclusively from 111 sequences for these two genes spanning 
a wide variety of avian orders (Table B. 4.), including 68 samples of Thamnophilidae, 14 
samples of other suboscines, 23 samples of oscines, and 6 samples of non-Passeriformes. This 
tree was calibrated using the sundering of New Zealand and Antarctica that separated 
Acanthisitta from other Passeriformes and Nestor from other Psittaciformes between 82 and 85 
mya e.g. (Cracraft 2001; Barker et al. 2004; Ribas et al. 2007). To accurately estimate the 
molecular clock for RAG1 and RAG2, we ran analyses using nine partition schemes that 
explored three separate molecular clocks (Table B. 5.) with different substitution models (Table 
B.6) and evaluated their performance by comparing Bayes factors following criteria defined by 
Kass & Raftery (1995). Analyses were conducted using an uncorrelated lognormal model 
(UCLD; Drummond et al. 2006) using a Yule prior for tree shape with no restrictions on tree 
shape and a lognormal distribution.  Also, we used lognormal distributions for prior values of 
substitution rates, base frequencies, and the gamma shape parameters using means in real space. 
Analyses were run for 100 million generations with a sampling frequency of 1,000. RAG rates of 
evolution were obtained from the mean estimates of the posterior probability. The third 
phylogeny used a relaxed molecular clock for all genes and used a constrained prior between 82 
and 85 mya for the divergence time between Acanthisitta and the rest of the Passeriformes based 
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on the sundering of New Zealand and Antarctica (Cracraft 2001; Barker et al. 2004; Ribas et al. 
2007).
 The phylogenetic analyses of the Thamnophilidae using strict molecular clocks for cytb 
and RAG used the same substitution model, clock, and tree shape parameters of the analyses 
based on RAG1 and RAG2 described above. The phylogeny based on no strict molecular clocks 
was also built using the same parameters, but the dataset was partitioned by gene instead of by 
codon position. For each calibration strategy we ran analyses for a total of 200 million 
generations with a sampling frequency of 1,000. We determined that replicate analyses 
converged (effective sample size values > 400) using Tracer v1.5 (Drummond & Rambaut 2007). 
Using TreeAnnotator v1.6.1 (Drummond & Rambaut 2007) we estimated a posterior distribution 
of topologies and the maximum clade credibility (MCC) tree with a burn-in of 25%. Because a 
Bayes factor analysis performed in Tracer v1.5 yielded very strong support for the tree obtained 
with no strict molecular clocks and a constrained age for the Passeriformes (log10 Bayes factors: 
624.36 over cytb strict clock model; 608.075 over RAG strict clock model) it was used in 
subsequent analyses.
Morphological data
From museum specimens of 914 individuals (4.1 individuals/species) we obtained weight data 
and measured 10 ecomorphological variables representing the size and shape of the bill, wing, 
tail, tarsus, and feet of 223 currently recognized species in the family (Table B.7). For most 
species, measurements were obtained from at least two adult males and two adult females. For 
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25 species we measured fewer than four specimens, and one species, Myrmotherula snowi, was 
excluded from morphological analyses because no specimens were available (Table B.7). 
Measurements obtained were bill length, bill width and depth at the level of the anterior border 
of the nostrils, wing length to the longest primary, wing length to the tenth primary, length to the 
first secondary feather, tail maximum length, central rectrix maximum width, tarsus length, and 
hallux length (following Baldwin et al. 1931; Derryberry et al. 2011). For 14 species, no 
specimen had weight data; therefore, we obtained average weights from the literature or from 
other individuals of the same species not available to us for measuring. All measurements were 
taken with a Mitutoyo Digimatic Point Caliper. Using a log-transformed dataset for all 
individuals, we obtained mean estimates of each morphological trait for every species. We 
quantified the size and shape components of ecomorphological variation within all species 
included in the phylogenetic tree. A vector and a matrix describing size variation were estimated 
excluding body weight from the log-corrected averaged dataset following the approach described 
by Mosimann (1970). Using the phytools v.0.1-6 library (Revell in press) in the R language for 
statistical computing (R Core Team 2011), we performed a phylogenetic size correction that uses 
the residuals from a least squares regression analysis, while controlling for non-independence 
due to phylogenetic history (Revell 2009). We used body weight as a proxy for body size. We 
then reduced the multivariate data set to an uncorrelated set of variables using phylogenetic 
principal component analyses (Revell 2009; 2012). All subsequent analyses were conducted 
based on this reduced dataset, except when noted.
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Vocal data
We quantified time and frequency-related features for the loudsong of every species included in 
the phylogenetic tree. Recordings were obtained from a commercially available compilation of 
vocalizations of the family (Isler & Whitney 2002) and from the xeno-canto web site 
(www.xeno-canto.com; Table B.8.) and the Banco de Sonidos Animales (BSA) in Colombia. For 
each species, the number of notes, ten frequency-related features, and five time-related features 
described elsewhere (Seddon 2005) were quantified and averaged for two loudsongs from the 
same male individual, when possible. Measurements include band-width, maximum frequency, 
minimum frequency, peak frequency, maximum frequency of first note, maximum frequency of 
middle note, maximum frequency of final note, first frequency change  (max frequency of 
middle note over max frequency of first note), second frequency change (max frequency of 
penultimate note over max frequency of middle note), third frequency change (max frequency of 
final note over max frequency of penultimate note), total duration, number of notes, pace 
(number of notes per second), duration of first note, duration of middle note, duration of final 
note. Measurements were taken in the software Raven Pro v1.3 (Cornell Laboratory of 
Ornithology) from sound files digitized with a sampling rate of 44.1 kHz and 16-bit resolution. 
Frequency-related features were measured using on-screen cursors on spectrograms and power 
spectra generated using a Hanning windows with 1024 samples, a 3 dB filter bandwidth (82.6 
Hz), and time overlap of 50%. Time-related features were quantified using on-screen cursors on 
waveforms. Measurements for all variables were log-transformed, except for number of notes 
and pace, which were square-root transformed. Because some measurements are highly 
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correlated, correlation analyses allowed us to minimize our data set to five uncorrelated 
measurements (peak frequency, maximum frequency of the middle note, pace, number of notes, 
duration; |r| < 0.70) that accurately represent overall speed of the loudsong, duration, and 
frequency. Furthermore, to correct for correlation among variables attributed to shared ancestry, a 
phylogenetic principal component analyses was conducted in phytools implemented in R, and 
subsequent analyses were conducted using the first three components of variation. 
We assume that intraspecific variation in vocalizations is substantially smaller than 
interspecific variation and that one individual is sufficient to provide an approximate species 
value for the purposes of our analyses. This simplifying assumption was necessary to coarsely 
characterize a large number of species for multiple traits across the family (Seddon 2005; Tobias 
& Seddon 2009. Gómez et al. 2010).
Ecological description of the antbirds
We classified every species in the Thamnophilidae into different categories depending on 
whether they are obligate dead-leaf searchers or obligate army-ant followers. To minimize 
potential noise resulting from having intermediate categories of occasional use of these two 
strategies, we only used presence or absence character states for both specializations. By this 
criterion, only species in the genus Epinecrophylla were considered as obligate dead-leaf 
foragers (Remsen & Parker 1984; Rosenberg 1993), and species in the genera Rhegmatorhina, 
Gymnopithys, Pithys, Phlegopsis, and Phaenostictus, and Myrmeciza fortis were considered as 
obligate army-ant followers (Willis & Oniki 1978; Willson 2004; Brumfield et al. 2007). 
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Foraging strata was coded into three categorical states that indicate the height above ground in 
which each species primarily forages (Understory, Midstory, Canopy), based on previous 
descriptions (Stotz et al. 1996; Zimmer & Isler 2003) and our own field experience (Table B. 9).
Phylogenetic signal of ecomorphological and vocal characters
We assessed the phylogenetic signal (i.e., statistical non-independence among species traits due 
to phylogenetic relatedness) of size, shape, and vocal datasets by estimating Pagel’s λ (Pagel 
1999) and the K-statistic (Blomberg et al. 2003) in the phytools library in R based on 999 
simulations of trait values on the phylogeny. These statistics assess quantitatively how 
phenotypic traits meet the expectations of Brownian motion. Simulations allow assessing the 
existence of phylogenetic effects. Pagel’s λ takes values from 0 to 1 and K is measured from 0 to 
∝, where low values indicate phylogenetic independence and high values phylogenetic 
dependence. K = 1 describes Brownian motion. Values of low signal can show that the trait 
values are distributed randomly across the phylogeny or that there is evolutionary stasis (Revell 
et al. 2008; Wiens et al. 2010). Finally, we tested whether the obtained values of K differ 
significantly from Brownian motion by comparing the obtained value with a distribution of K 
values for 999 simulations of traits evolving under Brownian motion.
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Modes of ecomorphological and vocal evolution
To describe the process of accumulation on ecomorphological and vocal disparity over time, we 
conducted disparity-through-time analyses (Harmon et al. 2003), as implemented in the Geiger 
library (Harmon et al. 2008b) in R. Following a model-based approach, we assessed which 
model of phenotypic evolution provides a better fit to the size, shape, and vocal data given the 
phylogeny (Anderson 2008). We evaluated five models that have different implications for 
understanding the mechanisms generating phenotypic diversity: Brownian motion – BM (i.e. 
diffusive drift), Pagel’s δ (i.e., variable rates), Ornstein-Uhlenbeck – OU (i.e., stabilizing 
selection), early burst – EB (i.e., exponential variable rates), and white-noise – WN (i.e., moving 
optimum) models. Brownian motion represents diffusive drift with gradual phenotypic change at 
a constant rate (Felsenstein 1985). Pagel’s δ is a model that represents increasing or decreasing 
rates of trait change through time. When δ < 1, phenotypic evolution rates are higher early in 
history. When δ > 1, phenotypic evolution rates are higher during the recent history of the group, 
and when δ = 1, it describes a Brownian motion process. OU is a modified Brownian motion 
model that describes phenotypic change under a process of stabilizing selection, in which 
variation of phenotypic traits revolve around stationary optimal values or adaptive peaks (Butler 
& King 2004). EB describes a process in which evolutionary rates of phenotypic change increase 
or decrease exponentially through time (Harmon et al. 2010), which is consistent with adaptive 
radiations in which phenotypic change occurs rapidly after lineages enter available niches, and 
decreases as niches are filled (Simpson 1944). WN represents a process in which variation of 
52
phenotypic traits revolves around moving optima, which generates evolutionary phenotypic 
change that is independent from phylogenetic relationships (Hunt 2006; Estes & Arnold 2007). 
Rates of ecomorphological and vocal evolution
Rates of phenotypic evolution were estimated by fitting Brownian motion models of character 
evolution using the R package MOTMOT (Thomas & Freckleton 2012), which uses a maximum-
likelihood environment to characterize the complexity of trait evolution. By fitting single and 
multiple-rate models of character evolution given the tree topology and the observed phenotypic 
data, MOTMOT allows the possibility of estimating rates of phenotypic evolution along different 
branches of the tree and identifying those nodes where sharp shifts in rate of diversification took 
place. 
Therefore, to assess the effects of dead-leaf searching and army-ant-following 
specializations on rates of ecomorphological evolution, we tested whether the average rate of 
ecomorphological evolution in the branches of each specialist group differs from the average rate 
of the remaining members in the family. We fitted a single-rate model that allowed mean rates to 
differ between one specialist group and the rest of the family, and compared it with a single-rate 
model that assumed a unique mean rate for the entire family. Then, following a model-selection 
approach we compared AIC values, Akaike weights, and evidence ratios to evaluate how 
informative each model was (Anderson 2008). Also, we performed a likelihood ratio test to infer 
a significance level for the model allowing mean rates to differ. Because this analysis required 
defined ancestral states for each group (specialist; no specialist) at each node in the tree, we used 
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ancestral states reconstructed using an “even rates (ER)” model in a maximum-likelihood 
framework after assessing that it was the most informative model.
To assess whether rates of vocal evolution are affected by the acoustic environment in 
which species vocalize (i.e., acoustic adaptation hypothesis), we tested whether the rates of vocal 
evolution of understory, midstory, and canopy birds differ. After correcting for body size, we 
fitted a single-rate model that allowed mean rates to differ among strata and compared it to a 
single-rate model that assumed a unique mean rate for the entire family. Then, following a 
model-selection approach we compared AIC values, Akaike weights, and evidence ratios to 
evaluate how informative each model was (Anderson 2008). Also, we performed a likelihood 
ratio test to infer a significance level for the model allowing mean rates to differ. Because this 
analysis requires defined ancestral states for each group (understory; midstory; canopy) at each 
node in the tree, we used ancestral states reconstructed using an “all-different rates (ARD)” 
model in a maximum-likelihood framework after assessing that it was the most informative 
model.
 Finally, to test for correlated evolution between ecomorphological and vocal traits we 
used the R package phytools to fit four different evolutionary models that assess the behavior of 
evolutionary rates of at least two traits with respect to a third explanatory variable along different 
braches of the tree. Specifically, we tested correlated evolution between body size and bill 
morphology with the three first components of vocal variation with respect to foraging strata. 
The four models evaluated were a) common rates and correlation; b) different rates, common 
correlation; c) different correlations, common rates; and d) no common structure. Then, 
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following a model-selection approach we compared AIC values, Akaike weights, and evidence 
ratios to evaluate how informative each model was.
RESULTS
Phylogeny
Phylogenetic analyses indicate that the Thamnophilidae are monophyletic and that three mayor 
clades exist within the family representing the subfamilies Euchrepomidinae, Myrmornithinae, 
and Thamnophilinae (Fig. 3.1; Bravo et al. in review; Moyle et al. 2009). Furthermore, the five 
tribes currently recognized within the Thamnophilinae (Microrhopiini, Formicivorini, 
Thamnophilini, Pyriglenini, Pithyini; Moyle et al. 2009) are supported. Extensive non-
monophyly among genera is prevalent across the family. The following currently recognized 
genera require taxonomic reorganization to establish a taxonomic classification consistent with 
their evolutionary history: Myrmeciza, Clytoctantes, Neoctantes, Terenura, Myrmochanes, 
Formicivora, Stymphalornis, Thamnomanes, Xenornis, Cymbilaimus, Taraba, Herpsilochmus, 
Dysithamnus, Myrmoborus, Percnostola, Schistocichla, Gymnopithys, Cercomacra, and 
Drymophila.
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Rhegmatorhina melanosticta
Myrmeciza loricata
Megastictus margaritatus
Myrmeciza hemimelaena
Thamnophilus bernardi
Thamnophilus unicolor
Thamnophilus atrinucha
Euchrepomis spodioptila
Myrmeciza ferruginea
Thamnophilus murinus
Drymophila squamata
Sclateria naevia
Cercomacra tyrannina
Microrhopias quixensis
Thamnophilus cryptoleucus
Thamnophilus insignis
Thamnophilus nigrocinereus
Drymophila genei
Cercomacra manu
Myrmoborus melanurus
Myrmeciza hyperythra
Myrmotherula brachyura
Rhopias gularis
Epinecrophylla fulviventris
Epinecrophylla erythrura
Phlegopsis borbae
Thamnophilus zarumae
Sakesphorus luctuosus
Drymophila rubricollis
Xenornis setifrons
Hypocnemis  flavescens
Rhegmatorhina hoffmansi
Herpsilochmus dorsimaculatus
Myrmotherula axillaris
Phlegopsis nigromaculata
Sakesphoroides cristatus
Hypocnemis  subflava
Thamnophilus punctatus
Hypocnemoides melanopogon
Schistocichla rufifacies
Thamnistes anabatinus
Phlegopsis erythroptera
Rhopornis ardesiacus
Thamnophilus doliatus
Myrmotherula klagesi
Thamnophilus nigriceps
Dysithamnus plumbeus
Gymnocichla nudiceps
Myrmotherula schisticolor
Isleria hauxwelli
Myrmotherula surinamensis
Schistocichla schistacea
Myrmeciza melanoceps
Herpsilochmus roraimae
Pyriglena leucoptera
Cercomacra ferdinandi
Thamnophilus melanothorax
Thamnophilus aethiops
Euchrepomis callinota
Thamnophilus stictocephalus
Myrmoborus myotherinus
Cercomacra nigrescens
Schistocichla saturata
Myrmornis torquatus
Cymbilaimus lineatus
Myrmorchilus strigilatus
Hypocnemis  striata
Rhegmatorhina cristata
Schistocichla brunneiceps
Hypocnemis  ochrogyna
Gymnopithys leucaspis
Myrmotherula longipennis
Myrmotherula pacifica
Neoctantes niger
Myrmotherula ambigua
Dysithamnus xanthopterus
Herpsilochmus gentryi
Frederickena viridis
Myrmoborus lugubris
Myrmotherula multostriata
Thamnophilus schistaceus
Herpsilochmus stictocephalus
Euchrepomis humeralis
Drymophila caudata
Herpsilochmus sellowi
Hypocnemoides maculicauda
Dysithamnus puncticeps
Myrmeciza longipes
Herpsilochmus atricapillus
Myrmotherula menetriesii
Myrmotherula sclateri
Myrmoborus leucophrys
Myrmotherula obscura
Drymophila ochropyga
Herpsilochmus motacilloides
Myrmeciza immaculata
Clytoctantes atrogularis
Frederickena unduliger
Isleria guttata
Thamnomanes saturninus
Myrmotherula cherriei
Hypocnemis  cantator
Cymbilaimus sanctamariae
Dysithamnus stictothorax
Phaenostictus mcleannani
Formicivora rufa
Clytoctantes alixii
Pygiptila stellaris
Thamnomanes ardesiacus
Myrmeciza castanea
Dysithamnus striaticeps
Thamnophilus amazonicus
Thamnomanes schistogynus
Thamnophilus caerulescens
Hylophylax naevius
Hylophylax punctulatus
Batara cinerea
Cercomacra carbonaria
Pyriglena leuconota
Myrmeciza laemosticta
Myrmochanes hemileucus
Formicivora iheringi
Epinecrophylla leucophthalma
Hypocnemis  hypoxantha
Schistocichla humaythae
Myrmeciza palliata
Cercomacra parkeri
Cercomacra melanaria
Thamnophilus ruficapillus
Myrmotherula grisea
Herpsilochmus parkeri
Hypocnemis  peruviana
Formicivora littoralis
Thamnomanes caesius
Dichrozona cincta
Willisornis poecilonotus
Myrmeciza berlepschi
Thamnophilus ambiguus
Dysithamnus occidentalis
Cercomacra cinerascens
Pithys albifrons
Willisornis vidua
Formicivora grisea
Myrmotherula snowi
Myrmeciza goeldii
Myrmeciza fortis
Herpsilochmus sticturus
Myrmeciza squamosa
Taraba major
Formicivora serrana
Drymophila ferruginea
Myrmotherula behni
Dysithamnus mentalis
Epinecrophylla spodionota
Thamnophilus sticturus
Epinecrophylla fjeldsaai
Myrmeciza ruficauda
Thamnophilus palliatus
Rhegmatorhina berlepschi
Thamnophilus tenuepunctatus
Formicivora melanogaster
Myrmotherula unicolor
Myrmotherula ignota
Myrmotherula behni
Stymphalornis acutirostris
Herpsilochmus pileatus
Myrmotherula longicauda
Thamnophilus pelzelni
Thamnophilus bridgesi
Frederickena fulva
Gymnopithys lunulatus
Gymnopithys salvini
Thamnophilus torquatus
Sakesphorus canadensis
Epinecrophylla gutturalis
Herpsilochmus pectoralis
Thamnophilus aroyae
Herpsilochmus longirostris
Gymnopithys rufigula
Myrmeciza disjuncta
Cercomacra nigricans
Dysithamnus leucostictus
Hypoedaleus guttatus
Myrmeciza exsul
Pithys castanea
Herpsilochmus axillaris
Myrmeciza griseiceps
Epinecrophylla haematonota
Hylophylax naevioides
Schistocichla leucostigma
Thamnophilus melanonotus
Myrmeciza atrothorax
Cercomacra serva
Euchrepomis sharpei
Drymophila malura
Thamnophilus praecox
Drymophila devillei
Myrmotherula iheringi
Herpsilochmus rufimarginatus
Mackenziaena leachii
Mackenziaena severa
Formicivora grantsaui
Percnostola lophotes
Myrmeciza pelzelni
Myrmotherula assimilis
Cercomacra laeta
Rhegmatorhina gymnops
Percnostola arenarum
Thamnophilus divisorius
Myrmotherula urosticta
Thamnophilus multistriatus
Cercomacra brasiliana
Herpsilochmus dugandi
Terenura maculata
Epinecrophylla ornata
Myrmeciza nigricauda
Biatas nigropectus
Percnostola rufifrons
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Figure 3.1. Bayesian estimate of phylogenetic relationships and divergence times in the 
Thamnophilidae as inferred from a partitioned analysis of three mitochondrial and three 
nuclear genes. Bars at nodes indicate the 95% highest posterior density for the inferred 
divergence time estimates. The color of the circles at nodes indicates posterior probability 
support, > 95% (black), 95–75% (gray), <75% (white). Species in blue represent obligate 
army-ant-following birds and species in red represent obligate dead-leaf-searching birds.
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Quantification of ecomorphological and vocal space
Distribution of members of the Thamnophilidae complex in size-corrected morphological space 
was predominantly explained by variation in tail dimensions (PPC1 = 42.5%). Variation of bill 
dimensions was mainly associated with PPC2 (19.1%). Variation in hallux was primarily 
explained by PPC3 (10.5%). Variation in tarsus was correlated with PPC4 (8.0%). Variation in 
wing and hallux was associated with PPC5 (6.3%). 
 Vocal variation in the family is primarily explained by variation in the number of notes, 
the pace, and the duration of the middle note (PPC1 = 66.9%), which represent the overall speed 
of the loudsong. Variation in the duration of the note is reflected in PPC2 (20.0%), and variation 
in frequency is associated with PPC3 (6.4%). 
Phylogenetic signal of ecomorphological and vocal evolution
Calculations of Pagel’s λ and K showed that levels of phylogenetic signal across traits are 
variable. Size showed high phylogenetic dependence (Pagel’s λ = 0.99; K = 1.98; P < 0.001) and 
differed significantly from K = 1 (i.e., Brownian motion; P = 0.01). PPC1 and PPC5 showed 
values close to Brownian motion expectations (Pagel’s λPPC1 = 0.99, Pagel’s λPPC5 = 0.90; KPPC1 
= 1.14, KPPC5 = 1.36; P < 0.001); and PPC2, PPC3, and PPC4 showed values of lower 
phylogenetic signal (Pagel’s λPPC2 = 0.94, Pagel’s λPPC3 = 0.92, Pagel’s λPPC4 = 0.89; KPPC2 = 
0.76, KPPC3 = 0.85, KPPC4 = 0.68; P < 0.001). None of the K values for shape variation differed 
significantly from K = 1 (i.e., Brownian motion; P = [0.08, 0.75]).
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 The first and second components of vocal variation showed low phylogenetic dependence 
(Pagel’s λPPC1 = 0.91, Pagel’s λPPC2 = 0.90; KPPC1 = 0.50, KPPC2 = 0.51; P < 0.001) and the third 
component showed values close to Brownian motion expectations (Pagel’s λPPC3 = 1.01; KPPC3 = 
1.08; P < 0.001).
  
Modes of ecomorphological and vocal character evolution 
The model that provided the best fit to the observed accumulation of size disparity data was 
Early Burst (Fig. 3.2; AIC  = -405.33, ωi = 0.99, AIC of other models > 4). Shape evolution of 
PPC1 was primarily explained by an Early Burst model (Table 3.1; AIC  = -97.58, ωi = 0.52). 
PPC2 was best explained by a Brownian model (AIC  = -268.51, ωi = 0.36), but Ornstein-
Uhlenbeck (AIC  = -267.62, ωi = 0.23), Early Burst (AIC  = -267.62, ωi = 0.23), and Pagel’s δ 
(AIC  = -267.10, ωi = 0.18) were also informative. All other components of shape variation were 
best explained by Ornstein-Uhlenbeck and Early Burst, but Brownian motion and Pagel’s δ could 
not be discarded. White noise was not an informative model for shape variation. 
 The most equally informative models of evolution for the first and second components of 
vocal variation were Ornstein-Uhlenbeck and Early Burst (Table 3.2; PPC1: AIC = 750.80, ωi = 
0.34; PPC2: AIC = 463.86, ωi = 0.39). PPC3 was solely explained by an Early Burst model (AIC  
= 194.96, ωi = 1).
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Figure 3.2 Disparity-through-time plots for body size (top), body shape (center), and 
vocalizations (bottom) for the Thamnophilidae showing that, relative to expectation under 
Brownian motion, phenotypic disparity was captured both early in history by older subclades 
and during recent very history by younger subclades. For body size this pattern equally 
supports an adaptive radiation process (Early Burst – EB). For body shape and vocalizations 
this pattern supports both adaptive radiation (Early Burst – EB) and adaptive peaks (Ornstein-
Uhlenbeck – OU) processes of phenotypic evolution. Solid line represents observed disparity. 
Dashed line represents the mean of 999 Brownian motion simulations and gray area denotes 
distribution of simulations between 25 % and 75 % quartiles.
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Table 3.1. Information theoretic statistics and ranking for each of the five models of character 
evolution evaluated for the five principal components of body shape for the Thamnophilidae. 
BM = Brownian motion; Pagel’s δ; OU = Ornstein-Uhlenbeck; EB = Early Burst; WN = White 
noise. Statistics provided are ΔAIC values, Akaike weight (ωi), and evidence ratio (εi).
Shape trait Model Rank ΔAIC ωi εi
PPC1 
EB 1 0 0.52 1.00
Pagel’s δ 2 1.88 0.20 2.55
BM 3 1.89 0.20 2.57
OU 4 -3.89 0.07 6.99
WN 5 193 6.41E-43 8.11E+41
PPC2
BM 1 0 0.36 1.00
OU 2 0.89 0.23 1.56
EB 3 0.89 0.23 1.56
Pagel’s δ 4 1.41 0.18 2.02
WN 5 130 2.13E-29 1.69E+28
PPC3
OU 1 0 0.28 1.00
EB 2 4.60E-05 0.28 1.00
BM 3 0.27 0.24 1.14
Pagel’s δ 4 0.61 0.20 1.36
WN 5 145 9.03E-33 3.06E+31
PPC4
OU 1 0 0.32 1.00
EB 2 5.90E-05 0.32 1.00
Pagel’s δ 3 0.47 0.25 1.26
BM 4 2.07 0.11 2.82
WN 5 110 4.13E-25 7.69E+23
PPC5
OU 1 0 0.38 1.00
EB 2 3.70E-05 0.38 1.00
BM 3 2.05 0.14 2.79
Pagel’s δ 4 2.69 0.10 3.84
WN 5 134 3.05E-30 1.25E+29
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Rates of ecomorphological evolution of dead-leaf searching and army-ant following birds
Models that allowed different mean rates of evolution between dead-leaf searching birds and the 
rest of the family were more informative for body size, PPC1, and PPC4 (Table 3.3). However, 
only the rates of body size evolution are significantly lower than those of the rest of the family 
(Fig. 3.3). For all components of shape evolution both models explained some of the variation 
observed in maximum-likelihood rate estimates, but none provided significant support for 
differential rates of evolution between dead-leaf searching birds and the rest of the family. On the 
other hand, models that assumed a unique mean rate of evolution for both army-ant-following 
Table 3.2.  Information theoretic statistics and ranking for each of the five models of character 
evolution evaluated for the three principal components of vocal variation for the 
Thamnophilidae. BM = Brownian motion; Pagel’s δ; OU = Ornstein-Uhlenbeck; EB = Early 
Burst; WN = White noise. Statistics provided are ΔAIC values, Akaike weight (ωi), and 
evidence ratio (εi).
Vocal trait Model Rank ΔAIC ωi εi
PPC1
OU 1 0 0.34 1.00
EB 2 1.00E-06 0.34 1.00
Pagel’s δ 3 0.21 0.31 1.11
BM 4 12 8.54E-04 403.43
WN 5 52 1.76E-12 1.96E+11
PPC2
OU 1 0 0.39 1.00
EB 2 8.90E-07 0.39 1.00
Pagel’s δ 3 1.06 0.23 1.70
BM 4 11 1.58E-03 244.69
WN 5 59 5.95E-14 6.48E+12
PPC3
EB 1 0 1.00 1.00
Pagel’s δ 2 67.56 2.13E-15 4.68E+14
BM 3 86 2.11E-19 4.73E+18
OU 4 88 7.78E-20 1.29E+19
WN 5 263 7.76E-58 1.29E+57
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birds and the rest of the family were more informative for body size and all components of body 
shape variation, except for PPC5 (Table 3.4). For PPC5 a model that allowed different mean 
rates was not only more informative, but also rejected significantly a single-rate model (Fig. 
3.3). 
Figure 3.3 Average maximum-likelihood estimations and 95% confidence intervals of relative 
rates of evolution of body size of obligate dead-leaf-searching birds and the rest of the family 
(top), and relative rates of wing-hallux (PPC5) evolution of obligate army-ant-following birds 
and the rest of the family (bottom). Rates are standardized so the mean rate of evolution in the 
rest of the family is one.
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Table 3.3. Information theoretic statistics and ranking for single-rate models allowing a single 
mean rate for all taxa (single mean) and different mean (multiple means) rates of evolution 
between dead-leaf-searching specialists and the rest of the family. Statistics provided are AIC 
value, Akaike weight (ωi), and evident ratio (εi). P-value from a likelihood ratio test also 
provided.
Ecomorphological 
trait
Model AIC ωi εi P
Size
Single-mean -379.83 0.02 60.94 0.001
Multiple-means -388.05 0.98 1.00
Tail
(PPC1)
Single-mean -93.74 0.39 1.59 0.09
Multiple-means -94.66 0.61 1.00
Bill
(PPC2)
Single-mean -266.99 0.51 1.00 0.79
Multiple-means -266.91 0.49 1.04
Tarsus
(PPC4)
Single-mean -454.19 0.34 1.93 0.43
Multiple-means -455.51 0.66 1.00
Wing-hallux
(PPC5)
Single-mean -505.48 0.73 1.00 0.91
Multiple-means -503.50 0.27 2.70
Table 3.4. Information theoretic statistics and ranking for single-rate models allowing a single 
mean rate for all taxa (single mean) and different mean body shape rates of evolution between 
army-ant-following birds and the rest of the family (multiple means). Statistics provided are 
AIC value, Akaike weight (ωi), and evident ratio (εi). P-value from a likelihood ratio test also 
provided.
Ecomorphological 
trait
Model AIC ωi εi P
Size
Single-mean -377.37 0.73 1.00
0.96
Multiple-means -375.37 0.27 2.71
Tail
(PPC1)
Single-mean -95.82 0.58 1.00
0.24
Multiple-means -95.17 0.42 1.39
Bill
(PPC2)
Single-mean -266.99 0.51 1.00
0.16
Multiple-means -266.91 0.49 1.04
Tarsus
(PPC4)
Single-mean -454.19 0.72 1.00
0.8
Multiple-means -452.25 0.28 2.63
Wing-hallux
(PPC5)
Single-mean -507.80 0.01 71.30
0.001
Multiple-means -516.34 0.99 1.00
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Figure 3.4 Average maximum-likelihood estimations and 95% confidence intervals of relative 
rates of evolution of principal components of vocal variation (PPC1: top; PPC2: center; PPC3: 
bottom) in the understory, midstory, and canopy. Rates are standardized so the mean rate of 
evolution in the canopy is one.
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Rates of vocal evolution of understory, midstory, and canopy birds
A single-rate model provided the best fit for the rates of evolution of the vocal PPC1, hence, 
rejecting differential character evolution among understory, midstory, and canopy birds (Table 
3.5). Single-rate models that allowed different mean rate estimates among forest strata were 
strongly supported for vocal PPC2 and PPC3, and a single-rate model with unique mean rates 
was rejected significantly (Fig. 3.4). Rates of evolution of PPC1 and PPC2 are more constrained 
in the understory, whereas rates of evolution of PPC3 are more constrained in the understory.  
 For midstory species, the rates of evolution of PPC1 and PPC3 are constrained, and the 
rates of evolution of PPC2 are variable. Also, rates of PPC2 evolution in midstory and canopy 
birds are twice and three times, respectively, greater than those of understory birds. Rates of 
evolution of PPC3 of understory birds are five times greater than those of midstory and canopy 
birds.
Table 3.5. Information theoretic statistics and ranking for single-rate models allowing a single 
mean rate for all taxa (single mean) and different mean vocal rates of evolution among species 
that primarily use the understory, midstory, and canopy. Statistics provided are AIC value, 
Akaike weight (ωi), and evident ratio (εi). P-value from a likelihood ratio test also provided.
Vocal trait Model AIC ωi εi P
Loudsong speed
(PPC1)
Single-mean 758.43 0.66 1.00
0.26
Multiple-means 759.74 0.34 1.92
Loudsong duration
(PPC2)
Single-mean 463.55 0.01 68.84
0.002
Multiple-means 455.09 0.99 1.00
Loudsong frequency
(PPC3)
Single-mean 283.93 1.21E-12 1.21E-12
1.11E-16
Multiple-means 229.06 1.00 1.00
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Correlated rates of evolution between ecomorphological and vocal traits
The rates of evolution of body size were correlated with rates of evolution of the first two 
principal components of vocal variation. A model of common rates and common correlation was 
the only informative model for the association between rates of body size and vocal PPC1 (AIC 
= 410.39, ωi = 1.00). A model of different rates and common correlation was the only 
informative model for the association between rates of body size and vocal PPC2 (AIC = 200.13, 
ωi = 1.00). No common structure was found between rate of evolution of body size and vocal 
PPC3 (AIC = -93.21, ωi = 1.00). Likewise, the rates of evolution of bill shape were found to be 
correlated with rates of evolution of the first two principal components of vocal variation. A 
model of common rates and common correlation was the only informative model for the 
association between rates of bill shape and vocal PPC1 (AIC = 660.01, ωi = 1.00). A model of 
common rates and common correlation was the only informative model for the association 
between rates of bill shape and vocal PPC2 (AIC = 251.25, ωi = 1.00). No common structure was 
found between rate of evolution of body size and vocal PPC3 (AIC = 398.13, ωi = 1.00).
DISCUSSION
Modes of ecomorphological and vocal diversification in the Thamnophilidae
Although early bursts (i.e., adaptive radiation) of body size and shape are seldom identified from 
comparative data (Harmon et al. 2010), ecomorphological and vocal evolution of the family 
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Thamnophilidae is highly consistent with a model of adaptive radiation. Moreover, in the 
Thamnophilidae, early bursts in trait evolution are coupled with models of stabilizing-selection 
around adaptive peaks (i.e., Ornstein-Uhlenbeck). Both of these models invoke a central role of 
adaptive processes in driving phenotypic evolution, which supposes an important role of the 
interaction between phenotype and the environment during the evolutionary history of the group 
(West-Eberhard 2003). Under a scenario with mixed support for adaptive radiation and 
stabilizing selection, rapid phenotypic differentiation likely took place in response to available 
opportunities for ecological diversification, which generated rapid rates of trait evolution early in 
the history of the family that slowed down once niches became became occupied (Simpson 1944; 
1953; Glor 2010; Losos 2010; Losos & Mahler 2010), and subsequent phenotypic differentiation 
was bounded within constrained ranges of phenotypic variation (Hansen 1997; Butler & King 
2004). Ultimately, diversification within the family led to highly specialized groups with 
conserved morphologies, such as dead-leaf searching and army-ant following birds, that not only 
are ecomorphologically adapted for specialized foraging (Rosenberg 1993; Brumfield et al. 
2007), but also have constrained their vocal signals within optimal values of sound propagation 
in specific habitat and microhabitat conditions (Seddon 2005). Distributions of characters in the 
phylogeny therefore exhibit intermediate to low levels of phylogenetic signal because they are 
distributed around adaptive peaks rather than highly affected by phylogenetic relationships. 
Bounded evolution around optimal selective peaks also led to correlated evolutionary rates 
among ecomorphological and vocal characters.
Mixed support for early bursts and stabilizing selection models have not been reported in 
the literature for any group. The main conceptual difference between these two models is that in 
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the former greater expected variance in trait values is concentrated in older subclades, whereas in 
the latter it is predicted that younger subclades capture much of the variation of trait values 
(Harmon et al. 2010). Thus, the described pattern for the Thamnophilidae might be unique in the 
sense that phenotypic variance is distributed throughout its entire evolutionary history as a result 
of adaptive processes. Early burst processes for ecomorphological data have been described for 
body size evolution of all mammals (Cooper & Purvis 2010) and Varanus lizards (Harmon et al. 
2010), as well as for body shape variation of snake-lizards in the family Pygopodidae (Harmon et  
al. 2010), and it is thought to be widespread among birds (Harmon et al. 2010). A model-fitting 
analysis comparing Brownian motion, single stationary peaks, and early burst models on a 
supertree resulting from the combination of 21 independently generated phylogenies of various 
families, subfamilies, and genera yielded wide support for early bursts among birds (Harmon et 
al. 2010). Support for models of stabilizing selection among vertebrate groups is more common 
and has been described for both body size and shape characters (Harmon et al. 2010; Collar et al. 
2011; Raia & Meiri 2011; Sallan & Friedman 2011). 
 Rates of vocal evolution have not been formally quantified for any avian group. Studies 
addressing ecological and morphological correlates of vocalizations in different groups have 
provided support for the morphological adaptation, acoustic adaptation, and species recognition 
hypotheses (Palacios & Tubaro 2000; Podos 2001; Seddon 2005; Price et al. 2007), but have not 
explored how rates have varied over time.  However, based on the evidence favoring the acoustic 
adaptation and morphological adaptation hypotheses in the Thamnophilidae, that rates of vocal 
evolution are consistent with an adaptive radiation process mediated by stabilizing selection is 
not surprising. Closely related species are known to differ consistently in frequency and temporal 
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features of vocalizations (Isler et al. 1998), and these differences are interpreted to be consistent 
with differences in habitats and microhabitats (Nemeth et al. 2001; Seddon 2005; Tobias et al. 
2010), bill size and body mass (Seddon 2005), patterns of species coexistence (Seddon 2005; 
Tobias & Seddon 2009a), and degree of ecological generalism (Tobias & Seddon 2009b). 
Altogether, these described patterns, along with the importance that vocalizations have for 
intraspecific and interspecific communication in the family, explain why variation of rates of 
vocal evolution in the family might represent an adaptive process that results from interactions 
with the environment. 
Are ecological specializations evolutionary dead-ends?
Obligate dead-leaf-searching and army-ant-following specializations slow down the rates of 
evolution of specific ecomorphological traits. Because reverse transitions are rare, dead-leaf-
searching specialists are found in only one clade and army ant-followers in only two clades with 
a single event of loss of obligate army-ant-follower status. This pattern supports the hypothesis 
that these ecological specializations are highly conserved (Brumfield et al. 2007) and is more 
consistent with the concept of evolutionary dead-ends (Simpson 1953; Kelley & Farrell 1998) 
than with that of key innovations that promote diversification (Simpson 1953) . However, a 
slowdown in the rates of evolution was observed only for specific traits that have a presumed 
direct effect on the functional performance of the specialization (e.g. long halluces that enhance 
strength and perching near the ground for army-ant-followers), and rates of evolution of other 
characters did not experience any significant change. Therefore, as found in other systems, such 
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as in pollination systems (Tripp et al. 2008) or phytophagous insects e.g. (Nosil 2002; Termonia 
et al. 2001), foraging specializations in antbirds are not necessarily considered as evolutionary 
dead ends. Further ecological, morphological, and behavioral evolution takes place along 
different axes of variation, while slowing down the rates of evolution of those traits directly 
related to functional performance of the specialization. For instance, dead-leaf-searching 
specialists in the genera Epinecrophylla show differences in plumage, foraging height, and 
habitat (Zimmer & Isler 2003) that are enhanced by the existence of geographical barriers, such 
as rivers, that play an important role in isolating populations (Naka et al. 2012) and possibly 
generating phenotypic diversity. Likewise, syntopic army-ant-following birds exhibit differences 
in body size, plumage, interspecific interactions, and vocalizations mediated by interspecific 
competitive interactions for feeding resources (Willis & Oniki 1978; Willson 2004).
Variation of rates of vocal evolution in Thamnophilidae
Rates of vocal evolution in the Thamnophilidae exhibit heterogeneity across different forest 
strata. These levels of variation were observed both in the magnitude of relative rates, but also on 
how variable the rates are within each stratum. Altogether, these findings support the idea that 
different vocalization attributes are more constrained than others in different acoustic 
environments (i.e., acoustic adaptation hypothesis), and support the existence of associations of 
frequency and temporal-atributes and with foraging strata that have been previously described in 
the family (Nemeth et al. 2001; Seddon 2005) and in other groups of birds (e.g. Nicholls & 
Goldizien 2006; Morton 1975; Patten et al. 2004). Because vocalizations are not only influenced 
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by acoustic properties of the environment (Ryan & Brenowitz 1985), it was expected to find high 
rate heterogeneity within those strata in which the interaction between vocalizations and acoustic 
environment is not strong or in which other factors also have a significant effect. For instance, 
high levels of interspecific competition for acoustic space (Grant & Grant 2010; Luther 2009), 
sexual selection (Tobias & Seddon 2009a), and ecological generalism (Tobias & Seddon 2009a) 
might affect the rates of vocal evolution increasing the variance observed in those strata.
 Furthermore, the variation in the rates of evolution might be explained by 
correlated evolution with rates of morphological evolution. In Thamnophilidae, rates of body 
size and bill shape are correlated with rates of evolution of speed and duration of the song, which 
is consistent with previous findings supporting the morphological adaptation hypothesis in the 
family (Seddon 2005) and in other avian groups e.g. (Ryan & Brenowitz 1985; Palacios & 
Tubaro 2000; Podos et al. 2004a; 2004b). These findings suggest that physical constraints in the 
production of vocalizations have a long-term impact on the evolutionary history of the family 
that affects its process of diversification. That the evolution of morphological and vocal 
characters is best explained by models of common rates and common correlation suggests that 
vocal signals are highly dependent not only on these morphological traits per se but also on other 
external factors that shape the process of evolution of such important traits as body size and bill 
morphology.
71
CHAPTER 4. TESTING THE ROLE OF TIME AND ENVIRONMENTAL 
HETEROGENEITY IN DRIVING THE DIVERSIFICATION OF THE ANTBIRDS 
(AVES: THAMNOPHILIDAE)
INTRODUCTION
A pervasive goal of evolutionary biology is to understand how biological diversity is distributed 
across space and time. Species diversity has varied over evolutionary time, and for some groups 
there have been periods of higher diversity than others (e.g. Roelants et al. 2007; Phillimore & 
Price 2008; Magallón & Castillo 2009). Likewise, diversity is not evenly distributed across 
space, and those differences in species diversity might be related to historical processes, such as 
large-scale changes in climatic conditions, formation of isolating barriers, or to differences in 
current ecological conditions (e.g. Qian & Ricklefs 2000; Hawkins et al. 2007; Stevens 2011). 
A potential explanation for the variation of species richness is that older clades or those 
areas colonized earlier in history exhibit higher species richness because diversification has 
occurred over longer periods (i.e., time-for-speciation effect; Stephens & Wiens 2003; McPeek & 
Brown 2007; Wiens et al. 2009). Moreover, because the number of species in a particular region 
is ultimately affected by the processes of speciation, extinction, and dispersal (Ricklefs 1987), 
spatial and temporal variation in species richness is the result of mechanisms that change the 
balance of these three processes over time (i.e. diversification rates; Ricklefs 2006; Wiens et al. 
2009; Wiens 2011). Hypotheses proposed as drivers of species diversity over time have invoked 
factors such as area (e.g. Rosenzweig 1995), geometric constraints (e.g. Colwell et al. 2004), 
climate (e.g. Francis & Currie 2003), habitat heterogeneity (e.g. Rahbek & Graves 2000), 
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metabolic rates (Brown 2004), energy availability (e.g. Rohde 1999), and species interactions 
(e.g. Gotelli et al. 2010). 
A prevalent pattern of lineage diversification is that declining speciation rates through 
time leads to an apparent density-dependence (Nee et al. 1994; Nee 2001; Rabosky & Lovette 
2008a; 2008b). For instance, this has been described for Plethodon salamanders (Kozak et al. 
2006), wood-warblers in the former genus Dendroica (Rabosky & Lovette 2008a), the family 
Vangidae from Madagascar (Jønsson et al. in press), the class Aves (Phillimore & Price 2008), 
and the class Mammalia (Purvis et al. 2011), and in some non-vertebrate groups (e.g. Ramírez et 
al. 2010). Ecological limits that exert primary control on clade diversity have been suggested as a 
potential mechanism for density-dependence (Rabosky 2009a; 2009b; 2010), but sampling 
(Cusimano & Renner 2010), phylogenetic artifact caused by saturation leading to shorter deep 
branches (Revell et al. 2005), protracted speciation (i.e., apparent lower diversification rates in 
more recent lineages caused by the time that it takes to accumulate genetic differences during 
speciation; Etienne & Rosindell 2012), increasing extinction rates through time (Rabosky & 
Lovette 2008b), and other factors that may lead to changes in net diversification rates (Wiens 
2011) can also produce this prevalent pattern.
Identifying how ecological and environmental factors influence rates of speciation, 
extinction, and dispersal represents a key step in providing mechanistic explanations for species 
diversity patterns (e.g. Cardillo et al. 2005; Mittelbach et al. 2007). The integration of molecular 
phylogenies with spatial data provides unique opportunities for this goal; it allows quantifying 
diversification rates (speciation – extinction; Wiens et al. 2009), elucidating dispersal events 
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across space (Ronquist 1997), and assessing the relative roles of time, and different ecological 
and environmental factors in influencing diversification rates (Wiens 2011; Wiens et al. 2011).
 The avian family Thamnophilidae is a diverse radiation of insectivorous passerine birds 
that comprises nearly 220 species mostly restricted to the lowlands and lower montane forests of 
the Neotropics (Figure 4.1; Zimmer & Isler 2003). The family exhibits high species richness at 
many Neotropical sites, especially in Amazonian forests, where as many as 40 species may co-
occur (Terborgh et al. 1990; Blake 2007). Although the Thamnophilidae is considered a 
widespread group of birds, its distribution is more constrained relative to that of other endemic 
Neotropical avian radiations such as the Furnariidae or the Tyrannidae. Relatively few antbirds 
occur in open habitats such as savannas, grasslands, and xeric environments, and no 
thamnophilids occur at very high elevations or latitudes (e.g., Patagonia, High Andes), or in very 
arid areas (e.g., xeric regions of Peru and Chile; Isler 1997; Zimmer & Isler 2003). Four species 
occur on islands of presumed continental origin (Formicivora grisea on Trinidad and Tobago, the 
Pearl Islands Archipelago, and Isla de Margarita; Thamnophilus doliatus on Tobago, Coiba 
Island, and the Pearl Islands Archipelago; Thamnophilus atrinucha on Gorgona Island; 
Dysithamnus mentalis on Trinidad and Tobago), and there these species experience similar 
environmental conditions and are found in the same habitat occupied on the continent. Because 
antbirds have shown to be poor dispersers over water (Moore et al. 2008), their presence on those 
islands is likely the result of past connections with the mainland rather than over-water dispersal.
 Few antbirds are considered habitat generalists with wide distributions (Isler 1997). On 
the contrary, most species are restricted to few habitats and microhabitats, and generally their 
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distributions are bounded within traditionally recognized biogeographic regions and specific 
habitat requirements (e.g. Remsen & Parker 1983; Terborgh et al. 1990). Geographic barriers 
such as Amazonian rivers and the Andean mountains have been shown to define the current 
Figure 4.1. Geographic distribution and species richness based on the 224 currently recognized 
species in the Thamnophilidae. Frequency distributions of mid-latitude (median) and mid-
elevation (median).
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distribution of antbirds (e.g. Haffer 1974; Capparella 1988; Burney & Brumfield 2009; Naka et 
al. 2012). However, other landscape features, such as abrupt habitat changes that are 
accompanied by different environmental conditions, are key determinants of taxon boundaries 
(Naka et al. 2012). Furthermore, it has been proposed that climatic fluctuations leading to abrupt 
changes in landscape features played an important role in promoting diversification in the 
Thamnophilidae (Haffer 1969; Maldonado-Coelho 2012). To date it remains to be examined how 
environmental variation influenced the diversification process over evolutionary time.
 Here, we integrate continental-scale distributional and environmental data with a robust 
species-level phylogeny of the Thamnophilidae to assess the relative roles of time (i.e. time-for-
speciation effect) and environmental heterogeneity (as a factor that may affect diversification 
rates) in driving the diversification process of the family Thamnophilidae.  
METHODS
Phylogeny
We used a time-calibrated phylogeny that included one sample of 218 species recognized in the 
Thamnophilidae and 12 outgroup samples of all other families in the infraorders Furnariides 
(Formicariidae, Rhinocryptidae, Grallariidae, Furnariidae, Conopophagidae, and 
Melanopareiidae) and Tyraniides (Pipridae, Tityridae, Cotingidae), and the families Eurylaimidae 
and Acanthisittidae.  This taxon sampling represents 97% of currently recognized species and 
100% of the genera (See details in Chapter 3). 
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Distributional and environmental data
We integrated information on precipitation and temperature across the distribution range of the 
218 species included in the phylogeny with 29,759 point locality records from museum 
specimens, literature, and recordings contained in an updated version of a distributional database 
of the Thamnophilidae (Isler 1997). Altitude, precipitation, and temperature information at each 
locality was extracted using ArcGIS v.9.3 (ESRI) and log-transformed from the WorldClim 
database with a spatial resolution of 1 km2 (Hijmans et al. 2005). We minimized the set of 
variables by conducting a correlation analysis implemented in the software ENM Tools 1.1 
(Warren et al. 2010). Using the correlation coefficients, we created a pair-wise matrix including 
all environmental and altitude layers and identified clusters of variables that were highly 
correlated. Then, we chose seven dissimilar climatic variables and altitude, all of which exhibited 
correlation coefficients lower than 0.75. Also, we included ecosystem information obtained from 
the terrestrial ecoregion map (Olson et al. 2001). These ecoregions were defined based on 
floristic or zoographical regions, distribution of selected groups of plants and animals, and global 
distribution of broad vegetation types (see details in Olson et al. 2001). Therefore, they 
incorporate a habitat- and ecosystem-based component to our estimation of environmental 
heterogeneity. The final set of variables used included: (1) altitude; (2) mean temperature diurnal 
range; (3) temperature seasonality; (4) maximum temperature of the warmest month; (5) 
precipitation seasonality; (6) precipitation of wettest quarter; (7) precipitation of driest quarter; 
(8) precipitation of warmest quarter; and (9) ecoregion (discrete). 
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Quantification of niche breadth and environmental heterogeneity
Environmental heterogeneity was quantified using two different methods. The first attempted to 
describe how variable the environmental space of a species is by measuring an extended realized 
niche breadth (i.e. environmental variance) of every species, and the second attempted to identify 
and quantify the principal variables that account for the environmental variation in mean 
environmental conditions across the fundamental niche of all species in the family. To quantify 
an extended realized niche breadth for every species, we built environmental niche models using 
a maximum entropy algorithm implemented in the software Maxent 3.3.3e (Phillips et al. 2006). 
This program uses species’ presence records in combination with the distribution of 
environmental variables over the study area to estimate a probability distribution for the species. 
Each model was run using as the study area the Neotropical region (sensu Stotz et al. 1996) 
excluding all islands except Trinidad and Tobago. This background area may lead models to 
predict suitable environmental conditions for a species in areas where it currently does not occur 
(e.g. Amazonian species predicted in Central America), thus serving as proxy for a depiction of 
an extended realized environmental niche of a species. Models used 80% of the localities as 
training points and 20% as test points, except for the species for which fewer than 10 localities 
were available; for those species, we used all localities as training points due to potential false 
predictions resulting from low sample sizes. Then, using the unthresholded logistic output of the 
models, we quantified niche breadth using the software ENM Tools v1.1 (Warren et al. 2008; 
2010). This software estimates the inverse concentration metric of niche breadth (Bi; Levins 
1968; Colwell & Futuyma 1971) in environmental space given the predicted distribution of the 
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extended realized climatic niche of the species in geographical space (Warren et al. 2010). This 
metric represents the uniformity of the distribution of climatic layers within the predicted 
extended distribution of the species; therefore, higher values indicate lower uniformity and wider 
niches, whereas lower values indicate higher uniformity and narrower niches. Estimates of niche 
breadth were log-transformed prior to subsequent analyses. 
 To identify and quantify those climatic variables that are correlated with the occurrence 
of a species in environmental space, we performed a phylogenetic principal component analysis 
implemented in the phytools package (Revell 2012) in R (R Core Team 2011) using the log-
corrected values of the mean values for the eight continuous variables of the environmental 
dataset. Subsequent analyses were conducted using the first three components of environmental 
space variation.
 
Diversification-through-time analyses
To describe how the accumulation of species in the family occurred over time, we used a model-
based approach to evaluate the fit of models that differ in how speciation and extinction affected 
net diversification through the evolutionary history of the family (Nee et al. 1994; Rabosky & 
Lovette 2008a). Using the package LASER (Rabosky 2006) in R, we estimated the maximum-
likelihood lineage accumulation curve of the Thamnophilidae under a pure birth model (Yule) 
that assumes constant speciation rates and no extinction; a birth-death model (BD) that assumes 
constant speciation and extinction rates; a logistic density-dependence model (DDL) that 
assumes that the speciation rate is a linear function of the species richness of the family and a 
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constant analogous to a “carrying capacity” of the clade; an exponential density-dependence 
model that assumes the speciation rate as a function of exponential change of species richness of 
the family; and pure birth models that assume one shift (Yule 2-rates) and two shits in the rate of 
speciation (Yule 3-rates) with no extinction. Using the estimated likelihood of each model, we 
quantified how informative they were by calculating AIC values and other information-theory 
statistics such as Akaike weights (ωi) and evidence ratios (εi; (Anderson 2008).    
Identification of shifts in diversification rates
To determine if extant species diversity of the Thamnophilidae can be explained by changes in 
the rates of speciation and extinction at specific nodes in the phylogeny, we used the Turbo-
MEDUSA algorithm (Alfaro et al. 2009) implemented in the GEIGER package (Harmon et al. 
2008) in R. MEDUSA algorithms fit birth-death models (BD; Rabosky 2006) using a phylogeny 
and species richness at each tip given particular values of the speciation and extinction 
parameters and estimates the AIC scores. They then fit step-wise alternative models that 
minimize AIC scores when assuming increasing numbers of shifts at different branches of the 
tree (i.e. BD 2-rate, BD 3-rate, etc.). In the end, MEDUSA algorithms evaluate various models 
that assume an increasing number of shifts in the net diversification rate (S – a), where S is 
speciation rate and a is the extinction fraction (a=S/E, where E = extinction rate), and allow their 
evaluation via information theory approaches (Anderson 2008). Furthermore, they allow 
identification of those branches where net diversification shifted, and quantification of the S and 
a parameters. MEDUSA analyses were conducted twice using different species richness values 
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for each terminal tip. The first run assumed currently recognized species as a true representation 
of species richness of the family, and therefore the species richness for each tip was set to one 
(total richness = 218). The second analysis was done based on the assumption that new species 
may still be discovered and that some of the currently recognized species actually encompass 
more than one species. Therefore, species richness values for each tip were defined based on our 
knowledge of how many species each tip may actually represent pending further studies aimed at 
revising species limits in the Thamnophilidae (total species richness = 291; Table B.9). The first 
analyses represent a more conservative estimate of species richness of the family, whereas the 
second represents a more liberal approach that may more accurately represent species richness in 
the Thamnophilidae.  
Testing the role of time in explaining species diversity in time and space  
To test whether species richness is explained by time, we followed three approaches that test 
three complementary predictions. First, if extant diversity is largely explained by time mediated 
by simple birth-death processes, the majority of nodes of the phylogeny should fall within the 
confidence intervals of expected species richness given single speciation and extinction fraction 
values. Following the approach implemented by Pyron & Burbrink (2011) and based on the 
method described by Magallón & Sanderson (2001), we estimated in LASER the confidence 
intervals of species richness that should be produced by every node in the tree given their stem 
age and the speciation and extinction fractions estimated by the TurboMEDUSA analyses for the 
single rate model. We then quantified the proportion of nodes that fell below or above the 
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expected confidence interval. To account for the possible effects of extinction on the observed 
pattern, we repeated the same procedure using the same speciation rate and an arbitrarily higher 
extinction fraction of 0.90 (lower extinction).  
 Second, if extant diversity can be explained solely as a function of time, the ages of 
independent clades within the family should be a good predictor of species richness and should 
exhibit no association with net diversification rates. Likewise, different levels of species richness 
should not be necessarily associated with different net diversification rates. Thus we selected 
nine independent clades with crown ages between 15 and 20 million years that exhibit between 7 
and 57 extant species and evaluated the associations among log-transformed extant species 
diversity, clade age, and net diversification rate using Spearman’s rank correlations. 
 Also, if time is the only driver of species diversity, those geographic areas colonized 
earlier should exhibit higher extant species diversity (i.e., time-for-speciation effect). Based on 
the current distribution of every species, we categorized species as occurring in at least one of six 
different Neotropical regions defined based on their geologic history, habitat affinities, and 
importance for antbird distribution: (1) Atlantic forest; (2) Cerrado-Caatinga-Chaco; (3) 
Amazonia; (4) Guianan Shield-Llanos; (5) Andes (above 800 m); (6) and Trans-Andean South 
America and Central America (Figure 3.1; Table B.9). We performed a Statistical Dispersal-
Vicariance-Analysis (S-DIVA; Ronquist 1997; Yu et al. 2010) implemented in the program 
Reconstruct Ancestral States on Phylogenies (RASP; Yu et al. 2011) to reconstruct the ancestral 
areas of all internal nodes of the phylogeny and to infer the earliest unambiguous colonization 
time into each of the defined regions. Also, we inferred the colonization times of each region by 
the main seven radiations in the family (Euchrepomidinae, Myrmornithinae, Microrhopiini, 
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Formicivorini, Thamnophilini, Pyriglenini, and Pithyini) and estimated the sum of the total times 
that each region has been inhabited by each radiation. We then regressed the earliest colonization 
times and the total times of inhabitance for each region against the log-transformed extant 
species diversity, and then evaluated their significance by performing Spearman’s rank 
correlations. 
Testing the role of niche breadth and environmental heterogeneity in driving net 
diversification rates
To test whether different environmental conditions are associated with differential speciation 
rates, we performed Spearman’s rank correlations on the net diversification rates of the nine 
previously selected clades and the mean niche breadth and the extant disparity of the first three 
principal component of variation in the environmental space of each clade. Diversification rates 
were calculated in the package GEIGER in R following the method described by Magallón and 
Sanderson (2001). Niche breadth disparity was calculated from average pairwise Euclidean 
distances between species in GEIGER. 
 Additionally, to investigate the relationship of diversification rates with niche breadth and 
the first principal component of environmental variation, we used the “quantitative state 
speciation and extinction” method (QuaSSE) implemented in the R package Diversitree 
(FitzJohn 2010). QuaSSE analyses model diversification in a maximum-likelihood framework as 
a birth-death process in which the rates of speciation and extinction are functions of a particular 
quantitative variable that evolves in a diffusion process (e.g. phenotypic trait, environmental 
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feature). They also may include a directionality parameter that captures the deterministic or 
directional component of character evolution. QuaSSE analyses do not rely on reconstruction of 
ancestral character states but rather model simultaneously net diversification rates and character 
evolution. For both niche breadth and the first principal component of niche variation, we built 
seven models that make different assumptions about the behavior of speciation and directionality  
with respect to the diffusion process of environmental change. Because the most informative 
model selected by MEDUSA when we used species diversity as depicted by the phylogeny (i.e., 
one species in each tip of the tree) was the one with a single extinction fraction, extinction was 
considered to be constant in all of our models. The models that we evaluated were: (1) constant 
speciation – no directionality; (2) linear speciation – no directionality; (3) sigmoidal speciation – 
no directionality; (4) unimodal speciation – no directionality; (5) linear speciation – 
directionality; (6) sigmoidal speciation – directionality; (7) unimodal speciation – directionality. 
We assessed whether each model differed significantly from the simplest model (constant 
speciation, no directionality) by conducting a likelihood-ratio-test. Also, via model-selection 
approaches we identified which model was the most informative.
RESULTS
Quantification of environmental heterogeneity
The fundamental environmental niche breadth of the Thamnophilidae exhibits a frequency 
distribution skewed toward mid-to-high values of niche breadths, with a few species with narrow 
84
niches found at the lower end, and few generalists at the upper end (Figure 4.2). The variation of 
species in climatic space is primarily explained by precipitation seasonality and precipitation 
during the driest quarter of the year (PPC1 = 56.0 %), in which lower values are associated with 
drier more seasonal environments and higher values with less dry and less seasonal areas. PPC2 
is correlated with temperature seasonality (20.8%) with lower values associated to more seasonal 
environments. PPC3 is primarily explained by precipitation of the wettest quarter of the year 
(15.8%), with lower values associated to higher precipitations.  
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Figure 4.2. Frequency distribution of niche breadth in the Thamnophilidae. Higher values 
correspond to broader niches and lower values correspond to narrower niches. Niche breadth 
values lack units and represent a value relative to the geographic extent of the environmental 
niche models.
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Diversification-through-time analyses
Diversification of the Thamnophilidae exhibited a nearly constant pattern of lineage 
accumulation since its origin (31 Ma) until ca. 12 Ma, when a decrease in the net diversification 
rate was observed (Figure 4.3). Two almost equally informative models of diversification explain 
this pattern (Table 4.1). The first one is a Yule model with two rate shifts (Yule 3-rates; AIC = 
-531.2, ωi = 0.53) that describes a decelerating pattern among rates (r1 = 0.20 Ma-1, r2 = 0.11 
Ma-1, r3 = 0.05 Ma-1) with shifts identified ca. 13 and 4 Ma. The second one is logistic density-
dependence (DDL; AIC -531.0, ωi = 0.47) with an initial speciation rate (r1) of 0.21 Ma-1. 
 30  10 15 20 25   5    0
 200
 100
 50
 20
 10
 5
 2
 1
 Divergence time [Ma]
 lo
g(
Li
ne
ag
es
)
 0.50
 0.75
 0.95
 0.99
Figure 4.3. Lineage-through-time plot of the Thamnophilidae. Black solid line represents the 
observed number of species in the family. Gray areas correspond to the distribution of 999 
lineages-through-time simulated under a Yule 3-rates model given the branch lengths of the 
Thamnophilidae phylogeny. 
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Identification of shifts in diversification rates
The MEDUSA analysis based on a conservative estimate of species richness (218 spp.) in the 
family identified the model with a single net diversification rate (BD; AICc = 1418.0, ωi = 0.33) 
as the most informative model. Also, models with a single shift (BD 2-rates; AICc = 1418.1, ωi = 
0.32) and with two shifts (BD 2-rates; AICc = 1419.0, ωi = 0.20) were informative. Rate shifts 
identified are depicted in Figure 4.4. MEDUSA analyses based on the liberal approach of species 
richness designation identified a model with 4 shifts as the most informative model (BD 5-rates; 
AICc = 1523.7, ωi = 0.33). Models with one (BD 2-rates; AICc = 1526.7, ωi = 0.07), two (BD 3-
rates; AICc = 1526.0, ωi = 0.10), three (BD 4-rates; AICc = 1525.3, ωi = 0.14), and five shifts 
(BD 6-rates; AICc = 1524.8, ωi = 0.18) were also informative.  
Table 4.1. Information theoretic statistics and ranking for each of the six models of lineage 
diversification evaluated for the Thamnophilidae. Yule; Yule 2 = Yule 2-rates; Yule 3 = Yule 3-
rates; BD = Birth-death; DDL = Logistic density-dependence; DDX = Exponential density-
dependence. Statistics provided are ΔAIC values, Akaike weight (ωi), and evidence ratio (εi).
Model Rank ΔAIC ωi εi
Yule 3 1 0 0.53 1.00
DDL 2 0.22 0.47 1.12
Yule 2 3 9.65 0.00 1.25E+02
DDX 4 17.16 0.00 5.33E+03
Yule 5 49.77 0.00 6.41E+10
BD 6 51.77 0.00 1.74E+11
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Figure 4.4. Chronogram of the Thamnophilidae depicting the main seven radiations and their 
species richness within the family. Red circles denote the nine selected nodes of ages between 
15 and 25 Ma old. Black circles denote nodes identified by MEDUSA analyses as speciation 
rate shifts. Nodes labeled with “a” correspond to rate-shits identified by MEDUSA analyses 
conducted with species richness = 218. Nodes labeled with “b” correspond to rate shifts 
identified by MEDUSA analyses conducted with species richness = 291. Numbers correspond 
to the order identified that node as rate shift in the “a” or “b” model.
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Testing the role of time in explaining species diversity in time and space
Estimation of the 95% confidence intervals for expected species richness given single 
background speciation and extinction rates showed that 24% of the nodes produced higher 
species diversity than expected and that no node produced lower species diversity than expected 
(Figure 4.5). This suggests that a simple birth-death process mediated by the effects of time 
explains species diversity descending from 76% of the nodes. For those nodes falling above the 
confidence interval, the relationship between clade age and species diversity was significant 
(Figure 4.5; S = 108.15, P < 2.2E-16, Spearman’s rho = 0.99), suggesting that species diversity is 
also explained by the effects of time but diversification takes place at a faster rate. 
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Figure 4.5. Left: Number of descendents for all nodes in the Thamnophilidae phylogeny. Solid 
black lines represent confidence intervals for species richness given a speciation rate (S = 0.2) 
and extinction fraction (a =	  1.16E-07) obtained in the MEDUSA analyses based on an estimate 
of species richness = 291. Dashed lines represent the confidence intervals based on an arbitrary 
higher extinction fraction of 0.9. Right: Nodes with higher number of descendents given a 
speciation rate (S = 0.2) and extinction fraction (a =	  1.16E-07). Solid line describes the 
positive linear correlation between age and log of species diversity (P < 2.2E-16, Spearman’s 
rho = 0.99).
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  When an arbitrary higher extinction fraction was used, only 5.5% of the nodes were 
predicted to show lower diversification rate than expected, suggesting that even under a higher 
extinction fraction, species diversity in the Thamnophilidae is explained by birth-death processes 
mediated by the effects of time.
 The relationship between age and species richness of the selected strongly supported 
clades that are 15 and 25 Ma old showed a positive trend, but it was not significant (Figure 3.6; 
Spearman’s rho = 0.52, P = 0.16). Also, the relationship between age and diversification rate 
showed no trend (Figure. 4.6; Spearman’s rho = 0.28, P = 0.46). However, net diversification rate 
and species richness showed a statistically significant positive relationship (Figure 4.6; 
Spearman’s rho = 0.92, P = 0.001). 
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Figure 4.6. Testing the effect of time and diversification rates in explaining species richness of 
nine selected clades with ages between 15 and 25 Ma old. Right: No association between clade 
age and log diversity; Center: No association between clade age and diversification rate; Right: 
Positive significant association diversification rate and log diversity.
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 Finally, when we examined the effects of time in explaining species diversity in specific 
geographic regions, we found positive relationships, although not significant, between the time 
of earliest colonization and species richness (Figure 4.7; Spearman’s rho = 0.82, P = 0.058), and 
between the total times of inhabitance for each region and species richness (Figure 4.7; 
Spearman’s rho = 0.6, P = 0.24). These patterns suggest that even though a time effect helps 
explain species diversity patterns in the Thamnophilidae, other factors that cause variation in 
diversification rates are needed to explain diversity patterns.  
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Figure 4.7. Testing the time-for-speciation effect across six Neotropical regions. Left: Weak 
positive association between colonization time and log diversity. Right: No association 
between total time spent by the main seven antbird radiations in each of the six Neotropical 
regions. See Figure 1 for more information on the regions.
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Testing the role of niche breadth and environmental heterogeneity in driving net 
diversification rates
We found a significant negative relationship between mean niche breadth and diversification rate 
of those nine selected clades that are between 15 and 25 Ma old (Figure 4.8; Spearman’s rho = 
0.83, P = 0.008). We also found a positive but not significant relationship between the variance 
of the first principal component in those clades and diversification rate (Spearman’s rho = 0.57, 
P = 0.12). These results suggest that clades that, on average, have narrower niches tend to exhibit  
higher net diversification rates. Similarly, clades that have higher variance of mean 
environmental conditions are associated with higher net diversification rates. 
Figure 4.8. Testing the association between diversification rates and environmental 
heterogeneity. Left: Negative significant association between mean niche breadth and 
diversification rate. Right: No association between variance of PPC1 and diversification rate.
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 QuaSSE analyses showed that for niche breadth only three models (unimodal selection – 
no directionality, sigmoidal speciation – directionality, unimodal selection – directionality) 
differed from a model of constant speciation – no directionality (Table 4.2). The most 
informative model was sigmoidal speciation – directionality (Figure 4.9; AIC = 2239.1, ωi = 
0.74) with a positive directionality parameter of 0.28, which suggests a tendency of increasing 
niche breadth along lineages. 
 
Table 4.2. Information theoretic statistics and ranking for each of the seven models evaluated 
for speciation rates as a function of niche breadth and variation of PPC1 in the 
Thamnophilidae. Statistics provided are AIC value, Akaike weight (ωi), and evident ratio (εi). 
P(χ2) values correspond to P-values of comparisons via likelihood ratio test to the constant 
speciation – no drift model.speciation – no drift model.
QuaSSE – Variation of PPC1
Model Rank AIC ωi εi P(χ2)
Sigmoidal speciation – Drift 1 2239.1 0.74 1 3.66E-11
Unimodal speciation – Drift 2 2241.3 0.25 3 1.05E-10
Unimodal speciation – No drift 3 2246.9 0.01 49.4 9.86E-10
Constant speciation – No drift 4 2285.8 0.00 1.38E+10 NA
Linear speciation – No drift 5 2287.5 0.00 3.24E+10 0.59
Linear speciation – Drift 6 2289.3 0.00 7.96E+10 0.79
Sigmoidal speciation – No drift 7 2290.9 0.00 1.77E+11 0.81
QuaSSE – Niche breadth
Model Rank AIC ωi εi P(χ2)
Linear speciation – Drift 1 1966.5 1 1 3.21E-10
Unimodal speciation – Drift 2 1977.8 0 2.84E+02 2.42E-07
Unimodal speciation – No drift 3 1981.7 0 2.00E+03 1.08E-06
Sigmoidal speciation – No drift 4 1999.9 0 1.79E+07 0.006
Sigmoidal speciation – Drift 5 2001.9 0 4.86E+07 0.01
Constant speciation – No drift 6 2006.2 0 4.18E+08 NA
Linear speciation – No drift 7 2008.2 0 1.14E+09 0.97
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 These results suggest that higher speciation rates are associated with narrower niches. 
Moreover, QuaSSE analyses showed that all models, except for linear speciation – no 
directionality differed significantly from the constant speciation – no directionality model (Table 
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Figure 4.9. QuaSSE models significantly different from a constant speciation – no drift model 
(P < 0.0001). a) Most informative model sigmoidal speciation – drift (ωi = 0.74.); b) Unimodal 
– drift (ωi = 0.25); c) Unimodal – no drift (ωi = 0.01). The bottom bar depicts reference niche 
breadth values of some species ranging from niche-restricted (left) to generalist (right).
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4.2), although the most informative model to explain the variation along the first component of 
climatic variation on was linear speciation – directionality (Figure 4.10; Table 4.2, AIC = 1966.5, 
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Figure 4.10. QuaSSE models significantly different from a constant speciation – no drift model 
(P < 0.0001). a) Most informative model linear speciation – drift (ωi = 1.00); b) Unimodal – 
drift (ωi = 0); c) Unimodal – no drift (ωi = 0). The bottom bar depicts reference PPC1 values of 
some species.
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ωi = 1.00). The value of the drift parameter was positive (0.08), indicating a weak tendency of 
moving toward more humid and less seasonal environments (i.e., higher values of PPC1). 
DISCUSSION
Lineage diversification in the Thamnophilidae
The Thamnophilidae showed a decrease in net diversification rates over time after a period of 
near-constant diversification that lasted two thirds of the evolutionary history of the group. As 
supported by the most informative models, the slowdown can be explained by punctual shifts in 
constant diversification rates (Yule 3-rates) or by logistic density-dependence (DDL). Near 
constant diversification supposes an overall effect of time in explaining species diversity 
(McPeek & Brown 2007), even with punctual shift rates. Also, the non-rejection of density-
dependence and the fact that specific nodes in the phylogeny underwent rate downturns or 
upturns, suggest that different diversification rates across clades might lead to different levels of 
species richness (McPeek & Brown 2007; Alfaro et al. 2009). Therefore, species richness in the 
Thamnophilidae is the result of the interplay between the effects of time and differences in 
diversification rates. 
In birds, density-dependence has been documented in various taxonomic groups at 
various taxonomic scales (Ricklefs 2006; Phillimore & Price 2008), but it is especially prevalent 
in adaptive radiations such as the Paradisaeidae and Vangidae (Fritz et al. 2011; Jønsson et al. in 
press), or in groups where migration and high levels of coexistence in their breeding grounds 
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lead to a potential role of ecological limits exerting diversification rates (Rabosky & Lovette 
2008a). However, for the few continental radiations examined, density-dependence has not been 
supported (Derryberry et al. 2011; Fritz et al. 2011). A pattern of pure-birth diversification with 
two rate-shifts had not been previously supported for any group. Its fundamental differences with 
density-dependence regarding the role of time and diversification rates in giving rise to species 
richness suggest that diversification of the Thamnophilidae might have been affected by specific 
past events that slowed down diversification rates without necessarily invoking a density-
dependent process.
The role of time in explaining species diversity patterns in the Thamnophilidae
Species diversity in the Thamnophilidae can be partially explained by the effects of time. There 
is a tendency that the number of species descending from a specific node can be predicted from 
that node’s age, but this relationship is rather noisy (Figure 4.5). As supported by diversification 
analyses, more than one background diversification rate can be identified in the Thamnophilidae, 
and more than one slope can describe the association between node age and species diversity. 
Moreover, because higher diversification rates are associated with higher species richness, 
differences in diversification rates also explain species diversity (Figure 4.6). The signal of time 
in explaining species diversity has been shown to be prevalent on a wide array of 163 
phylogenies representing taxa in the phyla Mollusca, Arthropoda, and Chordata (McPeek & 
Brown 2007), and in the Furnariidae (Derryberry et al. 2011), another continental avian radiation 
that shares similar distribution and diversity patterns to those of the Thamnophilidae. The effect 
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of time has been dismissed as a potential explanation for patterns of species diversity in 
angiosperms (Magallón & Sanderson 2001), most currently recognized avian tribes (Ricklefs 
2006), mammals and teleost fish orders (McPeek & Brown 2007), ant genera (Rabosky 2010), 
snakes (Pyron & Burbrink 2011), and New World direct-developing frogs (González-Voyer et al. 
2011), and variation in species diversity has been attributed to differences in net diversification 
rates. 
 Species diversity of the Thamnophilidae in different Neotropical regions is not uniquely 
explained by the time-for-speciation effect (Figure 4.7). A general trend of increasing species 
diversity in those areas colonized earlier in history is highly suggestive, but still not significant. 
Therefore, differences in speciation or extinction rates across space are the main explanation for 
such variation. The time-for-speciation effect has received support as a prime explanation of 
species diversity in emydid turtles (Stephens & Wiens 2003), plethodontid salamanders (Kozak 
& Wiens 2010), anurans in the families Hylidae (Wiens et al. 2006; 2011) and Ranidae (Wiens et 
al. 2009), but it was not fully supported in heliconiine butterflies (Rosser et al. 2012) and 
phyllostomid bats (Stevens 2011), two diverse groups with similar distributions and habitat 
affinities to those of antbirds. The species diversity gradient of the Phyllostomidae was attributed 
to the interplay between niche conservatism and the time-for-speciation effect, with the former 
exhibiting a stronger prediction capability mediated by restrictions imposed by temperature to 
colonize new areas (Stevens 2011). In heliconiine butterflies spatial gradients in species richness 
are consistent with the hypothesis that species richness gradients are driven at least in part by 
variation in diversification rates (Rosser et al. 2012). The pattern exhibited by the antbirds is 
comparable to that of phyllostomid bats and heliconiine butterflies; there seems to be an overall 
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effect of time in explaining species diversity across space, but the interplay of historical and 
ecological external factors seems to have differentially affected diversification rates in different 
geographic regions. 
The role of niche breadth and environmental heterogeneity in driving diversification rates
Speciation rates in the Thamnophilidae are associated with specific niche and environmental 
conditions. Higher speciation rates are associated with narrower fundamental environmental 
niches (Figures 4.8 and 4.9) and with drier and more seasonal environments in precipitation 
(Figure 4.8). Also, those clades that have species distributed across a wide range of 
environmental regimes have higher speciation rates (Figure 4.10). Altogether these results 
support an important role of environmental heterogeneity and niche breadth in affecting net 
diversification rates in the antbirds, and complement the time-for-speciation effect to explain 
both the diversification process within the family distributional range, and why the family is not 
currently distributed in all the continental Neotropical regions (e.g. Patagonia). Some of the main 
hypotheses that intend to explain speciation in the Neotropical lowlands rely on climatic 
fluctuations accompanied by forest reduction or strong ecological gradients as primary 
mechanisms for preventing introgression among populations (Haffer 1969; Endler 1982; Ayres & 
Clutton-Brock 1992; Bush 1994). Regardless of whether environmental heterogeneity promotes 
or maintains the outcome of speciation processes, our results show that large-scale environmental 
heterogeneity affects speciation rates likely by providing opportunities for colonization and 
further diversification. For instance, because we found that the Thamnophilidae are of 
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Amazonian origin with a tendency to inhabit more humid and less seasonal environments (i.e., 
humid forests), those lineages such as the genus Formicivora that primarily inhabit the Caatinga-
Cerrado-Chaco corridor, might represent relatively rapid radiations into areas where 
environmental conditions are different and more heterogeneous than ancestral forested habitats. 
Such processes might have allowed species with more restricted niches, increasing the overall 
environmental variance of the clade. Recent studies have found support for the role of landscape 
features, such as savannas, in generating genetic divergence of antbirds and explaining the 
location of suture zones in Amazonia and the Atlantic Forest (Naka et al. 2012; Maldonado-
Coelho 2012) . This potential explanation for how environmental variation affects speciation 
rates is not in conflict with traditional hypotheses of avian speciation driven solely by vicariance 
(e.g. Capparella 1988; Cracraft & Prum 1988), but offers complementary scenarios that broaden 
diversification in the Neotropics. 
In other Neotropical groups, environmental conditions play an important role in 
maintaining their distribution within tropical environmental conditions. The inability to disperse 
into or survive in different environmental conditions (i.e., niche conservatism) prevents 
colonization of subtropical regions where lowest temperatures as well as temperature seasonality 
are extreme relative to the tropics (Wiens et al. 2006; Stevens 2011; Giehl & Jarenkow in press; 
Rosser et al. 2012). Antbirds seem to respond to similar factors. Their absence in certain 
Neotropical regions (High Andes, Patagonia, xeric regions of Peru and Chile) might be 
associated with extreme environmental conditions that indirectly affect food resources, habitat, 
or microhabitat requirements of antbirds. A second possibility is that environmental conditions, 
especially low temperatures, are physiologically challenging, and therefore limit antbird 
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successful survival. These ideas represent preliminary explanations for the absence of antbirds in 
these extreme environments that deserve further investigation.
Other factors affecting net diversification rates
Here we have shown that the interplay between the effects of time and differential diversification 
rates affect the diversification process of the Thamnophilidae. Specifically, we have shown that 
there is a role of niche breadth and environmental heterogeneity in driving net diversification 
rates. The role of other factors, such as geometric constrains, species coexistence (Gómez et al. 
2010), geographic barriers, and phenotypic traits remains to be studied to obtain a more 
comprehensive idea of how the diversification process in the Thamnophilidae has occurred.
Final considerations on the role of extinction, taxon sampling, phylogenetic artifacts, and 
protracted speciation 
Extinction is a complicating factor in studies of diversification of extant groups based on 
molecular phylogenies (Purvis 2008), and it was even suggested that extinction rates should not 
be measured from phylogenetic data (Rabosky 2009c). The best alternative to deal with the 
uncertainty around extinction when other complementary information, such as fossil data, is 
lacking is a model-based approach in which extinction is taken into account via simulation of the 
models to be studied. All the informative models in this study were consistent suggesting that 
extinction in the Thamnophilidae might have been relatively low (a =	  1.16E-07). However, we 
101
did not intend to provide an absolute value of extinction, and we suggest that care must be taken 
around this value.
 True species richness in the Thamnophilidae might be much higher than currently 
recognized. Based on known species-level taxa that might be split in the near future, a 
conservative estimate of true species richness in the family might be ca. 30% higher than 
currently recognized. We believe under-sampling might have affected our analysis of 
diversification through time, especially during the last 5 Ma, but it is unlikely that it had a big 
impact on our estimates of overall diversification rates and environmental heterogeneity because 
these taxa do not represent completely missed lineages, but rather lower density of tips at the 
crown of the tree during the last ca. 3–4 Ma. Finally, artifacts inherent to the process of tree-
building, such as saturation leading to shorter deep branches (Revell et al. 2005) or apparent 
lower diversification rates in more recent lineages (Etienne & Rosindell 2012), might have 
affected our estimates of diversification rates, especially in more derived lineages. Certainly, the 
observed effect of decreasing speciation rates over time might be an artifact resulting from the 
interplay of these phylogenetic artifacts and potential under-sampling of species richness. Future 
studies in the Thamnophilidae should address issues resulting from the role of extinction, taxon 
sampling, and phylogenetic artifacts.
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CHAPTER 5. CONCLUSIONS
This study used an integrative approach that combined phylogenetic, phenotypic, 
distributional, and ecological data to investigate large-scale patterns of evolution in  the 
Thamnophilidae. A model-selection approach proved useful to unveil major patterns of species 
and phenotypic diversification. This study brought us closer to understanding diversity patterns 
of the Thamnophilidae, and confirmed that the family is not only a species-rich radiation of birds 
(Zimmer & Isler 2003), but also a phenotypically diverse group (Claramunt 2010) that has 
accumulated species diversity in a near-constant fashion. A single process neither explains 
phenotypic diversity nor species diversity in the family, and observed patterns are likely the 
result of various evolutionary mechanisms acting over time.
Phenotyic diversity of the Thamnophilidae
Phenotypic diversification in the Thamnophilidae has occurred differently across phenotypic 
traits. For instance, I have shown that examination of size and shape evolution in the 
Myrmotherula complex is consistent with different processes that have given rise to this group. 
Body size in the group is a convergent characteristic among distantly related clades that biased 
previous taxonomic and ecological work into recognizing Myrmotherula as a natural taxomic 
unit. Optimal body size values for inhabiting specific habitats and foraging in specific forest 
strata have accounted for convergent evolution in these clades, matching a similar pattern of 
vocal evolution in the Thamnophilidae (Seddon 2005), but differing from specialized traits such 
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as dead-leaf (Rosenberg 1993) and army-ant following behaviors (Brumfield et al. 2007). Shape 
variation in the complex is greater than previously acknowledged and is far from showing high 
levels of phenotypic similarity. In fact, for some specific traits, such as tail, tarsus, and hallux 
selective pressures have giving rise to distinct morphologies suitable for different environmental 
conditions that have enabled co-existence and high levels of syntopy at local spatial scales 
(Gómez et al. 2010). Further qualitative information of habitat use and foraging behavior (sensu 
Remsen & Robinson 1990; Stotz 1990) will allow a clearer understanding of the adaptive basis 
of ecomophological traits.
 Also, I showed that temporal patterns of phenotypic diversification in the family are 
consistent with an important role of adaptive evolution in the Thamnophilidae. Although early 
bursts (i.e., adaptive radiation) of body size and shape are seldom identified from comparative 
data (Harmon et al. 2010), ecomorphological and vocal evolution of the family Thamnophilidae 
is highly consistent with a model of adaptive radiation. Moreover, in the Thamnophilidae, early 
bursts in trait evolution are coupled with models of stabilizing-selection around adaptive peaks 
(i.e., Ornstein-Uhlenbeck). Both of these models invoke a central role of adaptive processes in 
driving phenotypic evolution, which supposes an important role of the interaction between 
phenotype and the environment during the evolutionary history of the group (West-Eberhard 
2003). Under a scenario with mixed support for adaptive radiation and stabilizing selection, rapid 
phenotypic differentiation likely took place in response to available opportunities for ecological 
diversification, which generated rapid rates of trait evolution early in the history of the family 
that slowed down once niches became occupied (Simpson 1944; 1953; Glor 2010; Losos 2010; 
Losos & Mahler 2010), and subsequent phenotypic differentiation was bounded within 
104
constrained ranges of phenotypic variation (Hansen 1997; Butler & King 2004). Ultimately, 
diversification within the family led to highly specialized groups with conserved morphologies, 
such as dead-leaf searching and army-ant following birds, that not only are ecomorphologically 
adapted for specialized foraging (Rosenberg 1993; Brumfield et al. 2007), but also have 
constrained their vocal signals within optimal values of sound propagation in specific habitat and 
microhabitat conditions (Seddon 2005). Characters in the phylogeny therefore exhibit 
intermediate to low levels of phylogenetic signal because they are distributed around adaptive 
peaks rather than highly affected by phylogenetic relationships. Bounded evolution around 
optimal selective peaks also led to correlated evolutionary rates among ecomorphological and 
vocal characters.
 
Species diversity in the Thamnophilidae
Species diversity patterns in the Thamnophilidae can be explained by the interaction of the 
effects of time with evolutionary processes that have affected net diversification rates over time. 
I showed that older lineages tend to exhibit higher species richness and that regions colonized 
earlier tend to have higher species richness. However, there is unexplained variation in these 
relationships that can be explained by differential net diversification rates across different clades 
of the family. I was able to show that niche breadth and climatic heterogeneity account for some 
of the variation that is observed in net diversification rates. Thus, lineages with broader niches 
tend to speciate less and lineages inhabiting more seasonal and drier environments tend to 
speciate more. 
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 These results support the role of climatic and habitat changes in explaining diversity 
patterns in the Neotropics. Some of the main hypotheses that intend to explain speciation in the 
Neotropical lowlands rely on climatic fluctuations accompanied by forest reduction or strong 
ecological gradients as primary mechanisms separating or maintaining introgression among 
populations (Haffer 1969; Endler 1982; Ayres & Clutton-Brock 1992; Bush 1994). Also, recent 
studies have found support for the role of landscape features, such as savannas, in generating 
genetic divergence of antbirds and explaining the location of suture zones in Amazonia and the 
Atlantic Forest (Naka et al. 2012; Maldonado-Coelho 2012). Regardless of whether 
environmental heterogeneity promotes or maintains the outcome of speciation processes, my 
results show that large-scale environmental heterogeneity affects speciation rates likely by 
providing opportunities for colonization and further diversification. The role of environmental 
variation in affecting speciation rates is not in conflict with traditional hypotheses of avian 
speciation driven solely by vicariance (e.g. Capparella 1988; Cracraft & Prum 1988), but offers 
complementary scenarios that broaden diversification in the Neotropics.
Finally, my results open a window to understand the current geographical distribution of 
the Thamnophilidae, and provide an explanation for their absence in certain areas of the 
Neotropics. In other Neotropical groups, environmental conditions play an important role in 
maintaining their distribution within tropical environmental conditions. The inability to disperse 
into or survive in different environmental conditions (i.e., niche conservatism) prevents 
colonization of subtropical regions where lowest temperatures as well as temperature seasonality 
are extreme relative to the tropics (Wiens et al. 2006; Stevens 2011; Giehl & Jarenkow in press; 
Rosser et al. 2012). Antbirds seem to respond to similar factors. Their absence in certain 
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Neotropical regions (High Andes, Patagonia, xeric regions of Peru and Chile) might be 
associated with extreme environmental conditions that indirectly affect food resources, habitat, 
or microhabitat requirements of antbirds. A second possibility is that environmental conditions, 
especially low temperatures, are physiologically challenging, and therefore limit antbird 
successful survival. These ideas represent preliminary explanations for the absence of antbirds in 
these extreme environments that deserve further investigation.
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APPENDIX A. SUPPLEMENTARY MATERIAL FOR CHAPTER 2
Table A.1. Taxa and sequences used in this study with tissue collection voucher number. GenBank Accession numbers primarily 
correspond to sequences of our own work published in (Brumfield & Edwards 2007; Brumfield et al. 2007; Moyle et al. 2009; Gómez 
et al. 2010; Derryberry et al. 2011; Bravo et al. 2012). Sequences not deposited yet in GenBank are identified with an “X.” Tissue 
collections: LSUMZ—Louisiana State University Museum of Natural Science, Baton Rouge; AMNH—American Museum of Natural 
History, New York City; FMNH—Field Museum of Natural History, Chicago; IAvH—Instituto Alexander von Humboldt, Villa de 
Leyva, Colombia; INPA—Instituto Nacional de Pesquisas da Amazônia, Manaus, Brazil; KU—University of Kansas Natural History 
Museum, Lawrence; LGEMA—Laboratório de Genética e Evolução Molecular de Aves Universidade de São Paulo, São Paulo, 
Brazil; MCP—	  Coleção de Ornitologia do Museu de Ciências e Tecnologia da Pontifícia Universidade Católica do Rio Grande do Sul, 
Porto Alegre, Brazil; MPEG—Museu Paraense Emílio Goeldi, Belém, Brazil; MZUSP—Museu de Zoologia Universidade de São 
Paulo, São Paulo, Brazil; USNM—United States National Museum of Natural History - Smithsonian Institution, Washington; UWBM
—University of Washington Burke Museum, Seattle. 
Species Subspecies Locality Museum Tissue No. RAG1 RAG2 βF5 ND2 ND3 cytb
Cymbilaimus lineatus intermedius Bolivia: Santa Cruz LSUMZ B-18168 FJ461169 FJ461059 EF030254 EF030283 EF030221 EF030315
Cymbilaimus sanctaemariae monotypic Brazil: Rondônia FMNH 389851 X X X HM449838 X X
Hypoedaleus guttatus monotypic Argentina: Misiones UWBM DHB1805 X X EF639891 EF640023 EF640090 EF639956
Batara cinerea argentina Bolivia: Santa Cruz UWBM RTB520 X X EF639874 EF640006 EF640073 EF639939
Mackenziaena leachii monotypic Argentina: Misiones USNM B-5986 FJ461172 FJ461062 EF639893 EF640025 EF640092 EF639958
Mackenziaena severa monotypic Paraguay: Itapúa KU 3729 X X X X X X
Frederickena viridis monotypic Guyana: Barima-Waini USNM B-9259 X X EF639893 EF640025 EF640092 EF639958
Frederickena fulva nominate Peru: Loreto LSUMZ B-4281 X X EF030255 EF030284 EF030222 EF030316
Taraba major melanurus Peru: Madre de Dios FMNH 321773 X X EF639919 EF640053 EF640120 EF639986
Thamnophilus doliatus radiatus Bolivia: Santa Cruz UWBM RTB390 X X EF030267 EF030296 EF030234 EF030327
Megastictus margaritatus monotypic Peru: Loreto LSUMZ B-6836 X X EF639894 EF640026 EF640093 EF639959
Neoctantes niger monotypic Peru: Cuzco FMNH 321806 FJ461178 FJ461068 EF639908 EF640042 EF640109 EF639975
Dysithamnus mentalis emiliae Brazil: Pernambuco FMNH 392443 X X EF639880 EF640012 EF640079 EF639945
Thamnomanes ardesiacus nominate Peru: Loreto LSUMZ B-6896 HM637199 HM637242 HM637104 HM637152
Thamnomanes saturninus nominate Brazil: Rondônia FMNH 389947 EF639923 EF640057 EF640124 EF639990
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Table A.1. Continued.
Species Subspecies Locality Museum Tissue No. RAG1 RAG2 βF5 ND2 ND3 cytb
Thamnomanes caesius glaucus Guyana: Barima-Waini USNM B-9482 X X EF030259 EF030288 EF030226 EF030320
Thamnomanes schistogynus nominate Bolivia: La Paz LSUMZ B-992 HM637200 HM637243 HM637105 HM637153
Epinecrophylla fulviventris 1 monotypic Panama: Darién LSUMZ B-2299 HM637201 HM637244 HM637106 HM637154
Epinecrophylla fulviventris 2 monotypic Ecuador: Esmeraldas LSUMZ B-11909 X X X X
Epinecrophylla gutturalis 1 monotypic Brazil: Amazonas LSUMZ B-20419 HM637202 HM637245 HM637107 HM637155
Epinecrophylla gutturalis 2 monotypic Brazil: Roraima INPA A-1577 X X X X
Epinecrophylla leucophthalma 1 nominate Bolivia: Santa Cruz LSUMZ B-18242 HM637203 HM637246 HM637108 HM637156
Epinecrophylla leucophthalma 2 nominate Peru: Ucayali LSUMZ B-10912 X X X X
Epinecrophylla haematonota 1 nominate Peru: Loreto LSUMZ B-4654 X X X HM449839 X X
Epinecrophylla haematonota 2 nominate Peru: Loreto LSUMZ B-4579 X X X X
Epinecrophylla fjeldsaai 1 monotypic Peru: Loreto KU 929 X X X X
Epinecrophylla fjeldsaai 2 monotypic Peru: Loreto KU 873 X X X X
Epinecrophylla spodionota 1 sororia Peru: Pasco LSUMZ B-2058 HM637204 HM637247 HM637109 HM637157
Epinecrophylla spodionota 2 nominate Colombia: Cauca IAvH BT-234 X X X X
Epinecrophylla ornata 1 nominate Bolivia: Pando LSUMZ B-9502 X X X X
Epinecrophylla ornata 2 meridionalis Bolivia: La Paz LSUMZ B-1082 X HM449840 HM637110 HM637158
Epinecrophylla erythrura septentrionalis Peru: San Martín LSUMZ B-5474 HM637205 HM637248 HM637111 HM637159
Myrmotherula brachyura 1 monotypic Brazil: Amazonas LSUMZ B-20305 X X X X X X
Myrmotherula brachyura 2 monotypic Peru: Loreto LSUMZ B-4889 EF640040 EF640107 EF639973
Myrmotherula brachyura 3 monotypic Peru: Loreto LSUMZ B-4722 X X X X
Myrmotherula ignota 1 monotypic Panama: Darién LSUMZ B-46586 X X X X
Myrmotherula ignota 2 monotypic Ecuador: Esmeraldas LSUMZ B-29997 X X X X
Myrmotherula obscura 1 monotypic Peru: Loreto LSUMZ B-4908 HM637206 HM637249 HM637112 HM637160
Myrmotherula obscura 2 monotypic Peru: Ucayali LSUMZ B-10704 X X X X
Myrmotherula ambigua 1 monotypic Brazil: Amazonas LSUMZ B-25408 HM637207 HM637250 HM637113 HM637161
Myrmotherula ambigua 2 monotypic Brazil: Amazonas INPA A-1112 X X X X
Myrmotherula sclateri 1 monotypic Bolivia: Pando LSUMZ B-9717 HM637208 HM637251 HM637114 HM637162
Myrmotherula sclateri 2 monotypic Bolivia: Santa Cruz LSUMZ B-15296 X X X X
Myrmotherula surinamensis 1 monotypic Guyana: Cuyuni-Mazaruni USNM B-14340 X X X X X X
Myrmotherula surinamensis 2 monotypic Guyana: Upper Takutu-Upper Essequibo USNM B-11838 X X X X
Myrmotherula multostriata 1 monotypic Peru: Loreto LSUMZ B-42899 HM637209 HM637252 HM637115 HM637163
Myrmotherula multostriata 2 monotypic Bolivia: Santa Cruz LSUMZ B-12968 X X X X
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Table A.1. Continued.
Species Subspecies Locality Museum Tissue No. RAG1 RAG2 βF5 ND2 ND3 cytb
Myrmotherula pacifica 1 monotypic Panama: Darién LSUMZ B-52942 HM637210 HM637253 HM637116 HM637164
Myrmotherula pacifica 2 monotypic Panama: Darién LSUMZ B-2229 X X X X
Myrmotherula cherriei 1 monotypic Brazil: Amazonas LSUMZ B-25458 HM637211 HM637254 HM637117 X
Myrmotherula cherriei 2 monotypic Brazil: Amazonas LSUMZ B-25453 X X X X
Myrmotherula klagesi 1 monotypic Brazil: Amazonas LSUMZ B-25562 HM637212 HM637255 HM637118 HM637165
Myrmotherula klagesi 2 monotypic Brazil: Amazonas LSUMZ B-20250 X X X X
Myrmotherula longicauda 1 pseudoaustralis Peru: San Martín LSUMZ B-44631 EF639907 EF640041 EF640108 EF639974
Myrmotherula longicauda 2 australis Bolivia: Cochabamba LSUMZ B-39036 X X X X
Isleria hauxwelli 1 suffusa Peru: Loreto LSUMZ B-4270 X X HM637213 HM637256 HM637119 HM637166
Isleria hauxwelli 2 nominate Brazil: Rondônia LSUMZ B-36639 X X X X
Isleria guttata 1 monotypic Brazil: Roraima INPA A-1766 X X X X
Isleria guttata 2 monotypic Brazil: Amazonas INPA A-1258 X X X X
Rhopias gularis 1 monotypic Brazil: São Paulo LSUMZ B-16938 X X X X X
Rhopias gularis 2 monotypic Brazil: São Paulo FMNH 330815 X X X X X X
Myrmotherula axillaris 1 nominate Suriname: Sipaliwini LSUMZ B-55209 EF639906 EF640039 EF640106 EF639972
Myrmotherula axillaris 2 luctuosa Brazil: Pernambuco FMNH 392444 X X X X X X
Myrmotherula schisticolor 1 interior Peru: San Martín LSUMZ B-5536 HM637214 HM637257 HM637120 HM637167
Myrmotherula schisticolor 2 nominate Panama: Chiriquí LSUMZ B-26447 X X X X
Myrmotherula minor 1 monotypic Brazil: Bahia MZUSP BA203 X X X X
Myrmotherula minor 2 monotypic Brazil: Bahia MZUSP BA202 X X X X
Myrmotherula longipennis 1 zimmeri Peru: Loreto LSUMZ B-7008 HM637215 HM637258 HM637121 HM637168
Myrmotherula longipennis 2 nominate Brazil: Amazonas INPA A-1999 X X X X
Myrmotherula urosticta 1 monotypic Brazil: Bahia MPEG 70726 X X X X
Myrmotherula urosticta 2 monotypic Brazil: Bahia MCP 3153 X X X X
Myrmotherula iheringi 1 nominate Brazil: Pará MPEG 20298 X HM449844 X X
Myrmotherula iheringi 2 taxon nov. Peru: Madre de Dios LSUMZ B-21213 X X
Myrmotherula grisea 1 monotypic Peru: Puno LSUMZ B-58432 HM637216 HM637259 HM637122 HM637169
Myrmotherula grisea 2 monotypic Bolivia: La Paz LSUMZ B-22676 X X X X
Myrmotherula unicolor 1 monotypic Brazil: Santa Catarina MCP 3150 X X X X
Myrmotherula unicolor 2 monotypic Brazil: São Paulo LGEMA 10332 X X X
Myrmotherula snowi monotypic Brazil: Pernambuco FMNH 399241 X X X X
Myrmotherula behni 1 yavii Venezuela: Amazonas LSUMZ B-7453 HM637217 HM637260 HM637123 HM637170
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Table A.1. Continued.
Species Subspecies Locality Museum Tissue No. RAG1 RAG2 βF5 ND2 ND3 cytb
Myrmotherula behni 2 inornata Guyana: Potaru-Siparuni LSUMZ B-48470 X X X X
Myrmotherula menetriesii 1 nominate Bolivia: Pando LSUMZ B-9759 X X HM637218 HM449845 HM637124 HM637171
Myrmotherula menetriesii 2 pallida Brazil: Amazonas INPA A-1658 X X X X
Myrmotherula assimilis 1 nominate Peru: Loreto LSUMZ B-7305 HM637219 HM637261 HM637125 HM637172
Myrmotherula assimilis 2 nominate Brazil: Amazonas LSUMZ B-23703 X X X X
Dichrozona cincta monotypic Bolivia: La Paz FMNH 391144 X X EF639878 EF640010 EF640077 EF639943
Myrmorchilus strigilatus nominate Brazil: Sergipe FMNH 392862 X X EF639904 EF640037 EF640104 EF639970
Herpsilochmus sticturus monotypic Guyana: Cuyuni-Mazaruni USNM B-5228 X X X X X X
Microrhopias quixensis albicauda Peru: Madre de Dios FMNH 321993 X X EF639895 EF640027 EF640094 EF639960
Formicivora iheringi 1 monotypic Brazil: Bahia MCP 3157 X X X X X X
Formicivora iheringi 2 monotypic Brazil: Bahia MCP 3142 X X X X
Formicivora melanogaster 1 nominate Bolivia: Santa Cruz LSUMZ B-6675 X X HM637227 HM637269 HM637133 HM637180
Formicivora melanogaster 2 nominate Bolivia: Santa Cruz LSUMZ B-38877 X X X X
Formicivora grisea 1 nominate Brazil: Pará LSUMZ B-35616 X X X X
Formicivora grisea 2 nominate Bolivia: Santa Cruz LSUMZ B-15217 X X X X X X
Formicivora serrana 1 nominate Brazil: Minas Gerais MZUSP 85432 X X X X
Formicivora serrana 2 nominate Brazil: Minas Gerais MZUSP 85431 X X X X
Formicivora littoralis monotypic Brazil: Rio de Janeiro MCP RB141 HM637228 HM637270 HM637134 HM637181
Formicivora rufa 1 nominate Paraguay: Amambay KU 3561 EF639881 EF640013 EF640080 EF639946
Formicivora rufa 2 chapmani Brazil: Amapá FMNH 391399 X X X X
Formicivora grantsaui 1 monotypic Brazil: Bahia MCP 3151 X X X X
Formicivora grantsaui 2 monotypic Brazil: Bahia MCP 3163 X X X X
Stymphalornis acutirostris 1 nominate Brazil: Paraná MZUSP 78797 X X X X
Stymphalornis paulista 2 taxon nov. Brazil: São Paulo MZUSP 85428 X X X X X X
Drymophila genei monotypic Brazil: Minas Gerais FMNH 432972 X X EF639879 EF640011 EF640078 EF639944
Terenura maculata 1 monotypic Paraguay: Caaguazú LSUMZ B-25886 X X X X X X
Terenura maculata 2 monotypic Paraguay: Caaguazú LSUMZ B-25885 X X X X X X
Euchrepomis callinota nominate Panama: Panamá LSUMZ B-2198 X X X X
Euchrepomis humeralis monotypic Peru: Loreto LSUMZ B-7044 X X X
Euchrepomis sharpei monotypic Bolivia: Cochabamba LSUMZ B-39086 FJ461190 FJ461080 EF639921 EF640055 EF640122 EF639988
Euchrepomis spodioptila nominate Guyana: Cuyuni-Mazaruni USNM B-5113 X X X X X X
Cercomacra tyrannina nominate Panama: Darién LSUMZ B-2273 X X EF639876 EF640008 EF640075 EF639941
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Table A.1. Continued.
Species Subspecies Locality Museum Tissue No. RAG1 RAG2 βF5 ND2 ND3 cytb
Pyriglena leuconota hellmayri Bolivia: Santa Cruz FMNH 334469 X X EF639915 EF640049 EF640116 EF639982
Myrmoborus leucophrys nominate Bolivia: Pando LSUMZ B-9286 X X X HM449843 X X
Myrmochanes hemileucus 1 monotypic Peru: Loreto LSUMZ B-43093 FJ461196 FJ461086 EF639903 EF640036 EF640103 EF639969
Myrmochanes hemileucus 2 monotypic Peru: Loreto LSUMZ B-3649 X X X X
Gymnocichla nudiceps nominate Panama: Darién LSUMZ B-2228 FJ461197 FJ461087 EF639883 EF640015 EF640082 EF639948
Sclateria naevia nominate Brazil: Amapá FMNH 391418 X X EF639918 EF640052 EF640119 EF639985
Percnostola rufifrons jensoni Peru: Loreto LSUMZ B-7011 X X EF639910 EF640044 EF640111 EF639977
Schistocichla leucostigma nominate Suriname: Sipaliwini Distrikt LSUMZ B-55190 X X X X X X
Myrmeciza ferruginea nominate Suriname: Distrikt Sipaliwini LSUMZ B-55285 X X X HM637280 HM637145 HM637192
Myrmeciza pelzelni monotypic Venezuela: Amazonas LSUMZ B-7523 FJ461201 FJ461091 EF639901 EF640034 EF640101 EF639967
Myrmornis  torquata nominate Brazil: Rondônia FMNH 389880 FJ461205 FJ461095 EF639905 EF640038 EF640105 EF639971
Gymnopithys rufigula pallidus Venezuela: Amazonas LSUMZ B-7512 X X EF639930 EF640064 EF640131 EF639997
Willisornis poecilinotus griseiventris Bolivia: La Paz FMNH 391148 X X EF639888 EF640020 EF640087 EF639953
Phlegopsis nigromaculata bowmani Brazil: Rondônia FMNH 389842 X X EF639912 EF640046 EF640113 EF639979
Phaenostictus mcleannani nominate Panama: Darién LSUMZ B-2135 FJ461210 FJ461100 EF639911 EF640045 EF640112 EF639978
Outgroups
Pipra mentalis/erythrocephala LSUMZ/AMNH
B-18078/
DOT3872 FJ501713 FJ501893 DQ294448 DQ294535 DQ294404 DQ294491
Liosceles thoracicus FMNH 390080/322412 FJ461223 FJ460097 EF639892 EF640024 EF640091 EF639957
Chamaeza campanisona UWBM KGB14 FJ461211 FJ460985 EF639877 EF640009 EF640076 EF639942
Hylopezus  berlepschi FMNH 322345 FJ461212 FJ460986 EF639886 EF640018 EF640085 EF639951
Pittasoma michleri/rufopileatum LSUMZ B-2285/B-11863 FJ461218 FJ460992 X X GU371848 X
Melanopareia elegans LSUMZ B-5245/B-5246 FJ461227 FJ461001 X X GU371847 X
Furnarius rufus   AMNH DOT10431 AY056995 AY443149 DQ320588 GQ906711 GQ922581 X
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Table A.2. Partitioning strategies evaluated to construct the phylogenetic hypotheses of the 
Myrmotherula complex. Asterisk denotes selected partition strategy.
Strategy description No. Partitions Rank
No. 
Parameters log-Lik AIC
All codons and nucleotide positions separated 16 1* 96 -84098.3 168388.6
BF5; mtDNA 2; ND2 1; ND2 3; ND3 1; ND3 3; 
cytb 1; cytb 3; RAGs 1; RAGs 2; RAGs 3 11 2 66 -84151.3 168434.7
BF5; ND2 1; ND2 2; ND2 3; ND3 1; ND3 2; ND3 
3; cytb 1; cytb 2; cytb 3;
RAG1 1&2; RAG1 3; RAG2 1&2; RAG2 3
14 3 84 -84153.9 168475.9
BF5; mtDNA 1; mtDNA 2; mtDNA 3; RAGs 1; 
RAGs 2; RAGs 3 7 4 42 -84215.8 168515.6
nucDNA; mtDNA 1 – 2; mtDNA 3 3 5 18 -85054.1 170144.2
No partitions 0 6 0 -88512.2 177024.5
Table A.3. Substitution model selected by MrModeltest for each of the 16 partitions included in 
the most informative partition strategy.Partition Substitution	  model
BF5 GTR+Γ
ND2 1 GTR+I+Γ
ND2 2 GTR+I+Γ
ND2 3 GTR+Γ
ND3 1 GTR+Γ
ND3 2 GTR+I+Γ
ND3 3 GTR+Γ
cytb 1 GTR+I+Γ
cytb 2 GTR+I+Γ
cytb 3 GTR+I+Γ
RAG1 1 GTR+I+Γ
RAG1 2 GTR+I+Γ
RAG1 3 GTR+Γ
RAG2 1 HKY+I+Γ
RAG2 2 GTR+I+Γ
RAG2 3 GTR+Γ
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Table A.4. Foraging strata, habitat, and mixed-flocking behavior categorization of the species in 
the core Myrmotherula clade. Habitat categories correspond to A: Tropical lowland evergreen 
forests; B: Seasonally flooded evergreen/Gallery forests; C: Montane evergreen forests; D: 
Tropical Dry/White sand forests; and E: Open habitats.
Species Foraging strata Habitat Mix-flocking behavior
Myrmotherula menetriesii Midstory A Obligate
Myrmotherula assimilis Understory B Occasional-common
Myrmotherula schisticolor Understory C Occasional-common
Myrmotherula unicolor Understory A Occasional-common
Myrmotherula grisea Understory A Occasional-common
Myrmotherula behni Understory A Obligate
Myrmotherula minor Midstory A Obligate
Myrmotherula snowi Understory A Obligate
Myrmotherula axillaris Understory A Obligate
Myrmotherula longipennis Midstory A Obligate
Myrmotherula urosticta Midstory A Obligate
Formicivora serrana Understory A No mixed-flocking
Formicivora littoralis Understory D No mixed-flocking
Formicivora melanogaster Understory D No mixed-flocking
Formicivora grantsaui Understory D No mixed-flocking
Stymphalornis acutirostris Understory E No mixed-flocking
Formicivora rufa Understory E No mixed-flocking
Formicivora grisea Understory D No mixed-flocking
Formicivora iheringi Understory D Occasional-common
Myrmotherula iheringi Midstory A Obligate
Myrmotherula pacifica Understory B Occasional-common
Myrmotherula surinamensis Understory B Occasional-common
Myrmotherula multostriata Understory B Occasional-common
Myrmochanes hemileucus Understory E No mixed-flocking
Myrmotherula cherriei Midstory D Occasional-common
Myrmotherula sclateri Canopy A Obligate
Myrmotherula ambigua Canopy A Obligate
Myrmotherula brachyura Canopy A Occasional-common
Myrmotherula ignota Canopy A Occasional-common
Myrmotherula obscura Canopy A Occasional-common
Myrmotherula klagesi Canopy B Occasional-common
Myrmotherula longicauda Canopy C Occasional-common
Terenura maculata Canopy A Occasional-common
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APPENDIX B. SUPPLEMENTARY MATERIAL FOR CHAPTERS 3 AND 4
Table B.1. Taxa and sequences used in this study with tissue collection voucher number. GenBank Accession numbers primarily 
correspond to sequences of our own work published in (Brumfield & Edwards 2007; Brumfield et al. 2007; Moyle et al. 2009; Gómez 
et al. 2010; Derryberry et al. 2011; Bravo et al. 2012). Sequences not deposited in GenBank yet are identified with an “X.” Tissue 
collections: LSUMZ—Louisiana State University Museum of Natural Science, Baton Rouge; AMNH—American Museum of Natural 
History, New York City; ANSP—Academy of Natural Sciences of Philadelphia, Philadelphia; COP—Colección Ornitológica Phelps, 
Caracas, Venezuela; FMNH—Field Museum of Natural History, Chicago; IAvH—Instituto Alexander von Humboldt, Villa de Leyva, 
Colombia; INPA—Instituto Nacional de Pesquisas da Amazônia, Manaus, Brazil; KU—University of Kansas Natural History 
Museum, Lawrence; LGEMA—Laboratório de Genética e Evolução Molecular de Aves Universidade de São Paulo, São Paulo, 
Brazil; MCP—	  Coleção de Ornitologia do Museu de Ciências e Tecnologia da Pontifícia Universidade Católica do Rio Grande do Sul, 
Porto Alegre, Brazil; MNRJ—Museu Nacional de Rio de Janeiro, Rio de Janeiro, Brazil; MPEG—Museu Paraense Emílio Goeldi, 
Belém, Brazil; MZJM—Museu de Zoologia João Moojen, Viçosa, Brazil; MZUSP—Museu de Zoologia Universidade de São Paulo, 
São Paulo, Brazil; UAM—University of Alaska Museum, Fairbanks; USNM—United States National Museum of Natural History - 
Smithsonian Institution, Washington; UWBM—University of Washington Burke Museum, Seattle. 
Species Subspecies Locality Museum Tissue No. RAG1 RAG2 βF5 ND2 ND3 cytb
Cymbilaimus lineatus intermedius Bolivia: Santa Cruz LSUMZ B-18168 FJ461169 FJ461059 EF030254 EF030283 EF030221 EF030315
Cymbilaimus sanctaemariae monotypic Brazil: Rondônia FMNH 389851 X X X HM449838 X X
Hypoedaleus guttatus monotypic Argentina: Misiones UWBM DHB1805 X X EF639891 EF640023 EF640090 EF639956
Batara cinerea argentina Bolivia: Santa Cruz UWBM RTB520 X X EF639874 EF640006 EF640073 EF639939
Mackenziaena leachii monotypic Argentina: Misiones USNM B-5986 FJ461172 FJ461062 EF639893 EF640025 EF640092 EF639958
Mackenziaena severa monotypic Paraguay: Itapúa KU 3729 X X X X X X
Frederickena viridis monotypic Guyana: Barima-Waini USNM B-9259 X X EF639893 EF640025 EF640092 EF639958
Frederickena fulva nominate Peru: Loreto LSUMZ B-4281 X X EF030255 EF030284 EF030222 EF030316
Frederickena unduliger pallida Brazil: Rondônia MZUSP J282 X X X X
Taraba major melanurus Peru: Madre de Dios FMNH 321773 X X EF639919 EF640053 EF640120 EF639986
Sakesphorus canadensis trinitatis Guyana: Barima-Waini KU 5831 X X EF030257 EF030286 EF030224 EF030318
Sakesphorus luctuosus nominate Brazil: Pará USNM B-7012 EF030258 EF030287 EF030225 EF030319
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Table B.1. Continued.
Species Subspecies Locality Museum Tissue No. RAG1 RAG2 βF5 ND2 ND3 cytb
Sakesphoroides cristatus monotypic Brazil: Mato Grosso MCP JB26 X X X X X X
Biatas nigropectus monotypic Brazil: Paraná MPEG 64530 X X X X X X
Thamnophilus bernardi nominate Peru: Lambayeque LSUMZ B-5136 EF030256 EF030285 EF030223 EF030317
Thamnophilus melanonotus monotypic Venezuela: Zulia COP ML768 X X X X
Thamnophilus melanothorax monotypic Brazil: Pará MPEG 65082 X X X X
Thamnophilus doliatus radiatus Bolivia: Santa Cruz UWBM RTB390 X X EF030267 EF030296 EF030234 EF030327
Thamnophilus zarumae palamblae Peru: Piura LSUMZ B-191 EF030281 EF030310 EF030248 EF030340
Thamnophilus multistriatus brachyurus Colombia: Valle del Cauca IAvH BT-2379 X X X X
Thamnophilus tenuepunctatus tenuifasciatus Ecuador: Zamora Chinchipe ANSP B-1686 EF030278 EF030307 EF030245 EF030338
Thamnophilus palliatus puncticeps Bolivia: Santa Cruz UWBM MAB2 EF030272 EF030301 EF030239 EF030332
Thamnophilus nigriceps monotypic Panama: Panamá UAM 20238 EF030270 EF030299 EF030237 EF030330
Thamnophilus praecox monotypic Ecuador: Sucumbíos ANSP B-3190 EF030273 EF030302 EF030240 EF030333
Thamnophilus nigrocinereus cinereoniger Brazil: Amazonas LSUMZ B-20233 EF030271 EF030300 EF030238 EF030331
Thamnophilus cryptoleucus monotypic Peru: Loreto LSUMZ B-7285 EF030266 EF030295 EF030233 EF030326
Thamnophilus aethiops incertus Brazil: Alagoas FMNH 399223 EF639924 EF640058 EF640125 EF639991
Thamnophilus unicolor nominate Ecuador: Pichincha LSUMZ B-12144 EF030280 EF030309 EF030247 AY962685
Thamnophilus schistaceus nominate Bolivia: Santa Cruz LSUMZ B-12559 EF030277 EF030306 EF030244 EF030337
Thamnophilus murinus nominate Guyana: Barima-Waini USNM B-9206 X X EF030269 EF030298 EF030236 EF030329
Thamnophilus aroyae monotypic Bolivia: Cochabamba UWBM RTB395 EF030262 EF030291 EF030229 EF030322
Thamnophilus atrinucha nominate Panama: Bocas del Toro USNM B-393 EF030263 EF030292 EF030230 EF030323
Thamnophilus punctatus nominate Guyana: Upper Demerara - Berbice USNM B-4172 EF030274 EF030303 EF030241 EF030334
Thamnophilus stictocephalus parkeri Bolivia: Santa Cruz LSUMZ B-13850 EF030275 EF030304 EF030242 EF030335
Thamnophilus sticturus monotypic Bolivia: Santa Cruz LSUMZ B-34608 X X X X
Thamnophilus pelzelni monotypic Brazil: Piauí MPEG URC181 X X X X
Thamnophilus ambiguus monotypic Brazil: Bahia LSUMZ B-35569 X X X X
Thamnophilus amazonicus nominate Bolivia: Santa Cruz LSUMZ B-13045 EF030261 EF030290 EF030228 EF030321
Thamnophilus insignis nominate Venezuela: Amazonas LSUMZ B-7486 EF030268 EF030297 EF030235 EF030328
Thamnophilus divisorius monotypic Brazil: Acre MPEG 52754 EF030282 EF030311 EF030249 EF030341
Thamnophilus caerulescens nominate Brazil: São Paulo FMNH 395426 EF030265 EF030294 EF030232 EF030325.
Thamnophilus torquatus monotypic Bolivia: Santa Cruz LSUMZ B-13900 EF030279 EF030308 EF030246 EF030339
Thamnophilus ruficapillus cochabambae Bolivia: Santa Cruz UWBM RTB347 EF030276 EF030305 EF030243 EF030336
Thamnophilus bridgesi monotypic Costa Rica: Puntarenas LSUMZ B-16149 EF030264 EF030293 EF030231 EF030324
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Table B.1. Continued.
Species Subspecies Locality Museum Tissue No. RAG1 RAG2 βF5 ND2 ND3 cytb
Megastictus margaritatus monotypic Peru: Loreto LSUMZ B-6836 X X EF639894 EF640026 EF640093 EF639959
Neoctantes niger monotypic Peru: Cusco FMNH 321806 FJ461178 FJ461068 EF639908 EF640042 EF640109 EF639975
Clytoctantes alixi monotypic Venezuela: Zulia COP IC909 X X X X
Clytoctantes atrogularis monotypic Brazil: Rondônia FMNH 395851 X X X X
Thamnistes anabatinus rufescens Peru: San Martín LSUMZ B-5467 FJ461180 FJ461070 EF639922 EF640056 EF640123 EF639989
Dysithamnus stictothorax monotypic Brazil: Paraná MCP 3149 X X X X X X
Dysithamnus mentalis emiliae Brazil: Pernambuco FMNH 392443 X X EF639880 EF640012 EF640079 EF639945
Dysithamnus puncticeps monotypic Panama: Darién LSUMZ B-28714 X X X X X X
Dysithamnus xanthopterus monotypic Brazil: São Paulo MZUSP 78346 X X X X
Dysithamnus occidentalis taxon nov. Peru: San Martín LSUMZ B-44234 X X X X X X
Dysithamnus leucostictus nominate Peru: Cajamarca LSUMZ B-33684 EF639938 EF640072 EF640139 EF640005
Dysithamnus plumbeus monotypic Brazil: Bahia MZUSP BA192 X X X X
Dysithamnus striaticeps monotypic Costa Rica: Limón LSUMZ B-72090 X X X X X X
Thamnomanes ardesiacus nominate Peru: Loreto LSUMZ B-6896 HM637199 HM637242 HM637104 HM637152
Thamnomanes saturninus nominate Brazil: Rondônia FMNH 389947 EF639923 EF640057 EF640124 EF639990
Thamnomanes caesius glaucus Guyana: Barima-Waini USNM B-9482 X X EF030259 EF030288 EF030226 EF030320
Thamnomanes schistogynus nominate Bolivia: La Paz LSUMZ B-992 HM637200 HM637243 HM637105 HM637153
Xenornis setifrons monotypic Panama: San Blas USNM B-3224 X X X X
Pygiptila stellaris nominate Brazil: Rondônia FMNH 389931 X X EF639914 EF640048 EF640115 EF639981
Epinecrophylla fulviventris monotypic Panama: Darién LSUMZ B-2299 HM637201 HM637244 HM637106 HM637154
Epinecrophylla gutturalis monotypic Brazil: Amazonas LSUMZ B-20419 HM637202 HM637245 HM637107 HM637155
Epinecrophylla leucophthalma nominate Bolivia: Santa Cruz LSUMZ B-18242 HM637203 HM637246 HM637108 HM637156
Epinecrophylla haematonota nominate Peru: Loreto LSUMZ B-4579 X X X HM449839 X X
Epinecrophylla fjeldsaai monotypic Peru: Loreto KU 873 X X X X
Epinecrophylla spodionota sororia Peru: Pasco LSUMZ B-2058 HM637204 HM637247 HM637109 HM637157
Epinecrophylla ornata meridionalis Bolivia: La Paz LSUMZ B-1082 X HM449840 HM637110 HM637158
Epinecrophylla erythrura septentrionalis Peru: San Martín LSUMZ B-5474 HM637205 HM637248 HM637111 HM637159
Myrmotherula brachyura monotypic Brazil: Amazonas LSUMZ B-20305 X X X X X X
Myrmotherula ignota monotypic Panama: Darién LSUMZ B-46586 X X X X
Myrmotherula obscura monotypic Peru: Loreto LSUMZ B-4908 HM637206 HM637249 HM637112 HM637160
Myrmotherula ambigua monotypic Brazil: Amazonas LSUMZ B-25408 HM637207 HM637250 HM637113 HM637161
Myrmotherula sclateri monotypic Bolivia: Pando LSUMZ B-9717 HM637208 HM637251 HM637114 HM637162
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Species Subspecies Locality Museum Tissue No. RAG1 RAG2 βF5 ND2 ND3 cytb
Myrmotherula surinamensis monotypic Guyana: Upper Takutu-Upper Essequibo USNM B-11838 X X X X X X
Myrmotherula multostriata monotypic Bolivia: Santa Cruz LSUMZ B-12968 HM637209 HM637252 HM637115 HM637163
Myrmotherula pacifica monotypic Panama: Darién LSUMZ B-2229 HM637210 HM637253 HM637116 HM637164
Myrmotherula cherriei monotypic Brazil: Amazonas LSUMZ B-25458 HM637211 HM637254 HM637117 X
Myrmotherula klagesi monotypic Brazil: Amazonas LSUMZ B-25562 HM637212 HM637255 HM637118 HM637165
Myrmotherula longicauda australis Bolivia: Cochabamba LSUMZ B-39036 EF639907 EF640041 EF640108 EF639974
Isleria hauxwelli suffusa Peru: Loreto LSUMZ B-4270 X X HM637213 HM637256 HM637119 HM637166
Isleria guttata monotypic Brazil: Amazonas INPA A-1258 X X X X
Rhopias gularis monotypic Brazil: São Paulo FMNH 330815 X X X X X X
Myrmotherula axillaris nominate Suriname: Sipaliwini LSUMZ B-55209 X X X X X X
Myrmotherula schisticolor interior Peru: San Martín LSUMZ B-5536 HM637214 HM637257 HM637120 HM637167
Myrmotherula minor monotypic Brazil: Bahia MZUSP BA202 X X X X
Myrmotherula longipennis zimmeri Peru: Loreto LSUMZ B-7008 HM637215 HM637258 HM637121 HM637168
Myrmotherula urosticta monotypic Brazil: Bahia MCP 3153 X X X X
Myrmotherula iheringi taxon nov. Peru: Madre de Dios LSUMZ B-21213 X HM449844 X X
Myrmotherula grisea monotypic Bolivia: La Paz LSUMZ B-22676 HM637216 HM637259 HM637122 HM637169
Myrmotherula unicolor monotypic Brazil: São Paulo LGEMA 10332 X X X X
Myrmotherula snowi monotypic Brazil: Pernambuco FMNH 399241 X X X X
Myrmotherula behni yavii Venezuela: Amazonas LSUMZ B-7453 HM637217 HM637260 HM637123 HM637170
Myrmotherula menetriesii nominate Bolivia: Pando LSUMZ B-9759 X X HM637218 HM449845 HM637124 HM637171
Myrmotherula assimilis nominate Peru: Loreto LSUMZ B-7305 HM637219 HM637261 HM637125 HM637172
Dichrozona cincta monotypic Bolivia: La Paz FMNH 391144 X X EF639878 EF640010 EF640077 EF639943
Myrmorchilus strigilatus nominate Brazil: Sergipe FMNH 392862 X X EF639904 EF640037 EF640104 EF639970
Herpsilochmus sellowi monotypic Brazil: Amazonas INPA A-843 X X X X X X
Herpsilochmus pileatus monotypic Brazil: Bahia MCP THA149 X X X X X X
Herpsilochmus atricapillus monotypic Bolivia: Santa Cruz LSUMZ B-6632 HM637220 HM637262 HM637126 HM637173
Herpsilochmus motacilloides monotypic Peru: Pasco LSUMZ B-8145 HM637221 HM637263 HM637127 HM637174
Herpsilochmus parkeri monotypic Peru: San Martín LSUMZ B-5553 X X X X
Herpsilochmus sticturus monotypic Guyana: Cuyuni-Mazaruni USNM B-5228 X X X X X X
Herpsilochmus dugandi monotypic Peru: Loreto LSUMZ B-7800 X X X X
Herpsilochmus stictocephalus monotypic Brazil: Amapá LSUMZ B-25544 HM637223 HM637265 HM637129 HM637176
Herpsilochmus gentryi monotypic Peru: Loreto LSUMZ B-42662 X X X X
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Species Subspecies Locality Museum Tissue No. RAG1 RAG2 βF5 ND2 ND3 cytb
Herpsilochmus dorsimaculatus monotypic Brazil: Amazonas LSUMZ B-20225 HM637224 HM637266 HM637130 HM637177
Herpsilochmus roraimae nominate Guyana: Potaru-Siparuni LSUMZ B-48505 X X X X
Herpsilochmus pectoralis monotypic Brazil: Bahia MCP 3152 X X X X
Herpsilochmus longirostris monotypic Bolivia: Santa Cruz LSUMZ B-13879 HM637225 HM637267 HM637131 HM637178
Herpsilochmus axillaris aequatorialis Ecuador: Morona Santiago LSUMZ B-6174 HM637226 HM637268 HM637132 HM637179
Herpsilochmus rufimarginatus frater Venezuela: Bolívar FMNH 339650 EF639885 EF640017 EF640084 EF639950
Microrhopias quixensis albicauda Peru: Madre de Dios FMNH 321993 X X EF639895 EF640027 EF640094 EF639960
Formicivora iheringi monotypic Brazil: Bahia MCP 3157 X X X X X X
Formicivora grisea nominate Bolivia: Santa Cruz LSUMZ B-15217 X X HM637227 HM637269 HM637133 HM637180
Formicivora serrana nominate Brazil: Minas Gerais MZUSP 85431 X X X X X X
Formicivora littoralis monotypic Brazil: Rio de Janeiro MCP THA141 X X X X
Formicivora melanogaster nominate Bolivia: Santa Cruz LSUMZ B-6675 HM637228 HM637270 HM637134 HM637181
Formicivora rufa chapmani Brazil: Amapá FMNH 391399 EF639881 EF640013 EF640080 EF639946
Formicivora grantsaui monotypic Brazil: Bahia MCP 3163 X X X X
Stymphalornis acutirostris taxon nov. Brazil: São Paulo MZUSP 85428 X X X X X X
Drymophila ferruginea monotypic Brazil: São Paulo LSUMZ B-37217 X X X X
Drymophila rubricollis monotypic Brazil: São Paulo FMNH 432966 X X X X
Drymophila genei monotypic Brazil: Minas Gerais FMNH 432972 X X EF639879 EF640011 EF640078 EF639944
Drymophila ochropyga monotypic Brazil: Rio de Janeiro LSUMZ B-37221 X X X X
Drymophila malura monotypic Paraguay: Caaguazú LSUMZ B-25950 X X X X
Drymophila squamata stictocorypha Brazil: São Paulo LSUMZ B-37222 X X X X X X
Drymophila devillei nominate Bolivia: Pando LSUMZ B-9683 X X X X X X
Drymophila caudata nominate Peru: Puno LSUMZ B-572 X X X X X X
Hypocnemis cantator nominate Guyana: Potaru-Siparuni LSUMZ B-48485 X X X X
Hypocnemis flavescens nominate Brazil: Roraima INPA A-1771 X X X X
Hypocnemis subflava collinsi Bolivia: La Paz LSUMZ B-963 X EU339944 EU339992 X
Hypocnemis peruviana monotypic Bolivia: El Behni FMNH 391136 EF639889 EF640021 EF640088 EF639954
Hypocnemis ochrogyna monotypic Bolivia: Santa Cruz LSUMZ B-15122 X EU339943 EU339991 X
Hypocnemis striata affinis Brazil: Pará FMNH 391408 X X X EU339947 EU339994 X
Hypocnemis hypoxantha nominate Peru: Ucayali LSUMZ B-10573 X EU339941 EU339989 X
Terenura maculata monotypic Paraguay: Caaguazú LSUMZ B-25885 X X X X X X
Euchrepomis callinota nominate Panama: Panamá LSUMZ B-2198 X X X X
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Euchrepomis humeralis monotypic Peru: Loreto LSUMZ B-7029 X X X X
Euchrepomis sharpei monotypic Bolivia: Cochabamba LSUMZ B-39086 FJ461190 FJ461080 EF639921 EF640055 EF640122 EF639988
Euchrepomis spodioptila nominate Guyana: Cuyuni-Mazaruni USNM B-5113 X X X X X X
Cercomacra cinerascens sclateri Peru: Loreto LSUMZ B-28057 X X HM637229 HM449834 HM637135 HM637182
Cercomacra brasiliana monotypic Brazil: Rio de Janeiro MNRJ 44251 HM637230 HM637271 HM637136 HM637183
Cercomacra tyrannina nominate Panama: Darién LSUMZ B-2273 X X EF639876 EF640008 EF640075 EF639941
Cercomacra laeta sabinoi Brazil: Pernambuco FMNH 392376 HM637231 HM637272 HM637137 HM637184
Cercomacra parkeri monotypic Colombia: Antioquia IAvH BT-4962 HM637232 HM637273 HM637138 HM637185
Cercomacra nigrescens approximans Brazil: Rondônia FMNH 389848 HM637233 HM637274 HM637139 HM637186
Cercomacra serva hypomelaena Peru: Loreto LSUMZ B-27609 EF639875 EF640007 EF640074 EF639940
Cercomacra nigricans monotypic Panama: Darién LSUMZ B-2277 X HM637275 HM637140 HM637187
Cercomacra carbonaria monotypic Brazil: Roraima FMNH 389250 HM637234 HM637276 HM637141 HM637188
Cercomacra melanaria monotypic Bolivia: El Behni FMNH 334470 HM637235 HM637277 HM637142 HM637189
Cercomacra manu monotypic Brazil: Pará LSUMZ B-35304 HM637236 HM637278 HM637143 HM637190
Cercomacra ferdinandi monotypic Brazil: Tocantins MZUSP 81148 X X X X
Pyriglena leuconota hellmayri Bolivia: Santa Cruz FMNH 334469 X X EF639915 EF640049 EF640116 EF639982
Pyriglena leucoptera monotypic Paraguay: Caaguazú LSUMZ B-25922 X X X X
Rhopornis ardesiacus monotypic Brazil: Minas Gerais MZJM 1729 X X X X X X
Myrmoborus leucophrys nominate Bolivia: Pando LSUMZ B-9286 X X X HM449843 X X
Myrmoborus lugubris berlepschi Peru: Loreto LSUMZ B-7269 X X X X
Myrmoborus myotherinus ochrolaema Brazil: Pará FMNH 391406 EF639902 EF640035 EF640102 EF639968
Myrmoborus melanurus monotypic Peru: Loreto LSUMZ B-43056 X X X X X X
Hypocnemoides melanopogon nominate Guyana: Potaru-Siparuni KU 1334 X X X X X X
Hypocnemoides maculicauda monotypic Brazil: Rondônia MCP 2614 X X X X
Myrmochanes hemileucus monotypic Peru: Loreto LSUMZ B-3649 FJ461196 FJ461086 EF639903 EF640036 EF640103 EF639969
Gymnocichla nudiceps nominate Panama: Darién LSUMZ B-2228 FJ461197 FJ461087 EF639883 EF640015 EF640082 EF639948
Sclateria naevia nominate Brazil: Amapá FMNH 391418 X X EF639918 EF640052 EF640119 EF639985
Percnostola rufifrons jensoni Peru: Loreto LSUMZ B-7011 X X EF639910 EF640044 EF640111 EF639977
Percnostola arenarum taxon nov. Peru: Loreto LSUMZ B-42715 X X X X X
Percnostola lophotes monotypic Bolivia: Pando LSUMZ B-9499 FJ461199 FJ461089 X X X X
Schistocichla schistacea monotypic Peru: Loreto LSUMZ B-4686 EF639917 EF640051 EF640118 EF639984
Schistocichla leucostigma nominate Suriname: Sipaliwini LSUMZ B-55190 X X X X X X
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Schistocichla humaythae nominate Bolivia: Pando LSUMZ B-8922 X X X X
Schistocichla brunneiceps monotypic Peru: Madre de Dios FMNH 433483 X X X X
Schistocichla rufifacies monotypic Brazil: Rondônia FMNH 389929 X X X X
Schistocichla saturata monotypic Guyana: Cuyuni-Mazaruni KU 3895 X X X X
Myrmeciza longipes panamensis Panama: Panamá LSUMZ B-46533 X X HM637237 HM637279 HM637144 HM637191
Myrmeciza exsul niglarus Panama: Panamá UAM 20240 EF639897 EF640030 EF640097 EF639963
Myrmeciza ferruginea nominate Suriname: Sipaliwini LSUMZ B-55285 X X X HM637280 HM637145 HM637192
Myrmeciza ruficauda soror Brazil: Pernambuco FMNH 392445 X X X X
Myrmeciza loricata monotypic Brazil: Minas Gerais MZUSP 85433 X X X X
Myrmeciza squamosa monotypic Brazil: São Paulo LSUMZ B-16940 HM637238 HM637281 HM637146 HM637193
Myrmeciza laemosticta monotypic Costa Rica: Cartago LSUMZ B-72189 X X X X
Myrmeciza palliata palliata Colombia: Antioquia IAvH BT-8455 X X HM486423 X X
Myrmeciza nigricauda monotypic Ecuador: Esmeraldas LSUMZ B-11717 X HM637283 HM637148 HM637195
Myrmeciza berlepschi monotypic Ecuador: Esmeraldas LSUMZ B-12026 FJ461203 FJ461093 X EF640029 EF640096 EF639962
Myrmeciza pelzelni monotypic Venezuela: Amazonas LSUMZ B-7523 FJ461201 FJ461091 EF639901 EF640034 EF640101 EF639967
Myrmeciza hemimelaena nominate Peru: Ucayali UAM 20237 EF639899 EF640032 EF640099 EF639965
Myrmeciza castanea centuculorum Peru: Loreto LSUMZ B-42168 X X HM637239 HM637284 HM637149 HM637196
Myrmeciza atrothorax obscurata Peru: Madre de Dios FMNH 322209 EF639896 EF640028 EF640095 EF639961
Myrmeciza melanoceps monotypic Peru: Loreto LSUMZ B-43013 X X EF639937 EF640071 EF640138 EF640004
Myrmeciza goeldii monotypic Bolivia: Pando LSUMZ B-9293 EF639935 EF640069 EF640136 EF640002
Myrmeciza hyperythra monotypic Peru: Loreto LSUMZ B-7342 X X EF639936 EF640070 EF640137 EF640003
Myrmeciza fortis nominate Peru: Ucayali UAM 20533 EF639898 EF640031 EF640098 EF639964
Myrmeciza immaculata zeledoni Panama: Bocas del Toro UAM 20534 EF639900 EF640033 EF640100 EF639966
Myrmeciza disjuncta monotypic Colombia: Vichada IAvH BT-8031 X X X X
Myrmeciza griseiceps monotypic Peru: Tumbes LSUMZ B-66571 X X X X
Myrmornis  torquata nominate Brazil: Rondônia FMNH 389880 FJ461205 FJ461095 EF639905 EF640038 EF640105 EF639971
Pithys albifrons nominate Brazil: Amapá FMNH 391430 X X EF639913 EF640047 EF640114 EF639980
Pithys castaneus monotypic Peru: Loreto LSUMZ B-42817 EF639926 EF640060 EF640127 EF639993
Gymnopithys leucaspis castanea Peru: Loreto LSUMZ B-4136 EF639928 EF640062 EF640129 EF639995
Gymnopithys rufigula pallidus Venezuela: Amazonas LSUMZ B-7512 X X EF639930 EF640064 EF640131 EF639997
Gymnopithys salvini monotypic Bolivia: La Paz FMNH 391147 EF639884 EF640016 EF640083 EF639949
Gymnopithys lunulata monotypic Peru: Loreto LSUMZ B-27384 EF639929 EF640063 EF640130 EF639996
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Rhegmatorhina gymnops monotypic Brazil: Pará LSUMZ B-35336 X X X X X X
Rhegmatorhina berlepschi monotypic Brazil: Pará MPEG 20404 X X X X
Rhegmatorhina hoffmannsi monotypic Brazil: Rondônia FMNH 389933 EF639916 EF640050 EF640117 EF639983
Rhegmatorhina cristata monotypic Brazil: Amazonas INPA A-1136 X X X X
Rhegmatorhina melanosticta nominate Peru: Loreto LSUMZ B-4248 EF639932 EF640066 EF640133 EF639999
Hylophylax naevioides nominate Panama: Darién LSUMZ B-2230 X X EF639887 EF640019 EF640086 EF639952
Hylophylax naevius nominate Suriname: Sipaliwini LSUMZ B-55298 HM637240 HM637285 HM637150 HM637197
Hylophylax punctulatus monotypic Bolivia: Santa Cruz LSUMZ B-18327 X X X X
Willisornis poecilinotus griseiventris Bolivia: La Paz FMNH 391148 X X EF639888 EF640020 EF640087 EF639953
Willisornis vidua nominate Brazil: Pará LSUMZ B-16954 X X X X
Phlegopsis nigromaculata bowmani Brazil: Rondônia FMNH 389842 X X EF639912 EF640046 EF640113 EF639979
Phlegopsis erythroptera ustulata Bolivia: Pando LSUMZ B-9617 EF639934 EF640068 EF640135 EF640001
Phlegopsis borbae monotypic Brazil: Mato Grosso LGEMA P44 X X X X
Phaenostictus mcleannani nominate Panama: Darién LSUMZ B-2135 FJ461210 FJ461100 EF639911 EF640045 EF640112 EF639978
Outgroups
Acanthisitta chloris Acanthisittidae AY056975 AY443102 GQ140172 AY325307 AY325307 AY325307
Smithornis sharpei/capensis Eurylaimidae LSUMZ B-21171 DQ320608 DQ320572 DQ320600 AF090340 AF090340 AF090340
Geositta poeciloptera Furnariidae LSUMZ B-13968 FJ461101 FJ461003 X ASK LIZ ASK LIZ yes
Furnarius rufus Furnariidae AMNH DOT10431 AY056995 AY443149 DQ320588 GQ906711 GQ922581 yes
Chamaeza campanisona Formicariidae UWBM KGB14 FJ461211 FJ460985 EF639877 EF640009 EF640076 EF639942
Hylopezus  berlepschi Grallariidae FMNH 322345 FJ461212 FJ460986 EF639886 EF640018 EF640085 EF639951
Pittasoma michleri/rufopileatum Conopophagidae LSUMZ B-2285/B-11863 y FJ460992 X X GU371848 X
Liosceles thoracicus Rhinocryptidae FMNH 390080/322412 FJ461223 FJ460097 EF639892 EF640024 EF640091 EF639957
Melanopareia elegans Melanopareidae LSUMZ B-5245/B-5246 FJ461227 FJ461001 X X GU371847 X
Pipreola whiteleyi Cotingidae FMNH 339665 FJ501715 FJ501895 X X X X
Tyranneutes stoltzmanni Pipridae AMNH DOT2997 FJ501760 FJ501940 X X X X
Tityra semifasciata Tityridae AMNH DOT3682 FJ501754 FJ501934 X X X X
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Table B.2. Partitioning strategies evaluated to construct the phylogenetic hypotheses of the 
Thamnophilidae. Asterisk denotes selected partition strategy.
Strategy description No. Partitions Rank
No. 
Parameters log-Lik AIC
All codons and nucleotide positions separated 16 1* 96
-158033.6 316259.2
BF5; mtDNA 2; ND2 1; ND2 3; ND3 1; ND3 3; 
cytb 1; cytb 3; RAGs 1; RAGs 2; RAGs 3 11 2 66
-158079.1 316290.2
BF5; ND2 1; ND2 2; ND2 3; ND3 1; ND3 2; ND3 
3; cytb 1; cytb 2; cytb 3;
RAG1 1&2; RAG1 3; RAG2 1&2; RAG2 3
14 3 84
-158094.0 316355.9
BF5; mtDNA 1; mtDNA 2; mtDNA 3; RAGs 1; 
RAGs 2; RAGs 3 7 4 42
-158155.3 316394.6
nucDNA; mtDNA 1 – 2; mtDNA 3 3 5 18
-159337.9 318711.7
No partitions 0 6 0
-164526.4 329052.9
Table B.3. Substitution model selected by MrModeltest for each of the 16 partitions included in 
the most informative partition strategy of the Thamnophilidae.
Partition Substitution model
βF5 GTR+I+Γ
ND2 1 GTR+I+Γ
ND2 2 GTR+I+Γ
ND2 3 GTR+Γ
ND3 1 SYM+I+Γ
ND3 2 GTR+I+Γ
ND3 3 GTR+I+Γ
cytb 1 GTR+I+Γ
cytb 2 GTR+I+Γ
cytb 3 GTR+Γ
RAG1 1 GTR+I+Γ
RAG1 2 GTR+I+Γ
RAG1 3 GTR+Γ
RAG2 1 HKY+I+Γ
RAG2 2 GTR+I+Γ
RAG2 3 GTR+Γ
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Table B.4. Non-thamnophilid sequences for RAG1 and RAG2 used to calibrate a molecular gene 
for these two genes in the order Passeriformes. All RAG1 and RAG2 Thamnophilidae sequences 
included in Table B.1 were also included in the calibration.
Species Family RAG1 RAG2
Non-Passeriformes
Gallus gallus Phasianidae NM_001031188 AY443150
Daphoenositta chrysoptera Neosittidae AY443281 AY443138
Nestor notabilis Nestoridae EF517675 EF517676
Psittacus erithacus Psittacidae EF517674 EF517687
Agapornis personata Psittaculidae EF517672 EF517679
Micropsitta bruijnii Psittaculidae EF517673 EF517681
Coracias caudata Coraciidae AF143737 AY443126
Passeriformes Acanthisitta chloris Acanthisittidae AY056975 AY443102
Passeriformes
(Suboscines)
Smithornis rufolateralis Eurylaimidae AY057031 AY443228
Pitta oatesi Pittidae DQ320612 DQ320576
Philepitta castanea Philepittidae AY057018 AY443201
Sclerurus mexicanus Furnariidae FJ461150 FJ461052
Dendrocolaptes certhia Furnariidae FJ461166 FJ460982
Furnarius rufus Furnariidae AY056995 AY443149
Grallaria ruficapilla Grallariidae FJ461215 FJ460989
Conopophaga ardesiaca Conopophagidae AY443271 AY443125
Rhinocrypta lanceolata Rhinocryptidae FJ461221 FJ460995
Melanopareia elegans Melanopareiidae FJ461227 FJ461001
Hemitriccus josephinae Tyrannidae FJ501640 FJ501820
Pipreola whiteleyi Cotingidae FJ501715 FJ501895
Tyranneutes stoltzmanni Pipridae FJ501760 FJ501940
Tityra semifasciata Tityridae FJ501754 FJ501934
Passeriformes
(Oscines)
Menura novaehollandiae Menuridae AY057004 AY443171
Ptilonorhynchus violaceus Ptilonorhynchidae AY057026 AY443216
Climacteris picumnus Climacteridae AY056987 AY443122
Malurus melanocephalus Maluridae AY057001 AY443162
Meliphaga analoga Meliphagidae AY057003 AY443170
Pomatostomus isidorei Pomatostomidae AY057023 AY443210
Orthonyx spaldingii Orthonychidae AY057012 AY443186
Cnemophilus loriae Cnemophilidae AY443269 AY443123
Vireo philadelphia Vireonidae AY057041 AY443245
Pitohui cristatus Pachycephalidae AY443318 AY443205
Cracticus quoyi Cracticidae AY443278 AY443135
Chaetorhynchus papuensis Dicruridae AY443267 AY443117
Monarcha chrysomela Monarchidae AY443304 AY443177
Corvus corone Corvidae AY056989 AY443132
Picathartes gymnocephalus Picathartidae AY057019 AY443203
Parus major Paridae AY443314 AY443197
Alauda arvensis Alaudidae AY056978 AY443106
Troglodytes aedon Troglodytidae AY057038 AY443241
Regulus calendula Regulidae AY057028 AY443220
Turdus falklandii Turdidae AY057039 AY443242
Fringilla montifringilla Fringillidae AY056994 AY443148
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Table B.5. Nine partition strategies evaluated to calibrate a molecular clock for RAG1 RAG2 in 
the order Passeriformes. Asterisk denotes selected partition strategy.
Partition 
Strategy Substitution groups Clock groups
1 RAG1RAG2 RAG1RAG2
2 RAG1; RAG2 RAG1RAG2
3 RAG1 1; RAG1 2; RAG1 3; RAG2 1; RAG2 2; RAG2 3 RAG1RAG2
4 RAG1RAG2 RAG1; RAG2
5 RAG1; RAG2 RAG1; RAG2
6 RAG1 1; RAG1 2; RAG1 3; RAG2 1; RAG2 2; RAG2 3 RAG1; RAG2
7 RAG1RAG2 RAG1 1; RAG1 2; RAG1 3; RAG2 1; RAG2 2; RAG2 3
8 RAG1; RAG2 RAG1 1; RAG1 2; RAG1 3; RAG2 1; RAG2 2; RAG2 3
9* RAG1 1; RAG1 2; RAG1 3; RAG2 1; RAG2 2; RAG2 3 RAG1 1; RAG1 2; RAG1 3; RAG2 1; RAG2 2; RAG2 3
Table B.6. Substitution models selected by MrModeltest to be used in each substitution group 
during calibration of a molecular clock for RAG1 and RAG2 in the order Passeriformes. 
Substitution unit Substitution Model
RAG1RAG2 GTR + I + Γ
RAG1 GTR + I + Γ
RAG2 GTR + I + Γ
RAG1 1 GTR + I + Γ
RAG1 2 GTR + I + Γ
RAG1 3 GTR+Γ
RAG2 1 HKY + Γ
RAG2 2 GTR + I + Γ
RAG2 3 GTR+Γ
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Table B.7. List of voucher study specimens examined and measured for ecomorphological 
analyses of the Thamnophilidae. Tissue collections: LSUMZ—Louisiana State University 
Museum of Natural Science, Baton Rouge; AMNH—American Museum of Natural History, 
New York City; ANSP—Academy of Natural Sciences of Philadelphia, Philadelphia; IAvH—
Instituto Alexander von Humboldt, Villa de Leyva, Colombia; ICN—Instituto de Ciencias 
Naturales, Bogotá, Colombia; KU—University of Kansas Natural History Museum, Lawrence; 
MPEG—Museu Paraense Emílio Goeldi, Belém, Brazil; MZUSP—Museu de Zoologia 
Universidade de São Paulo, São Paulo, Brazil; USNM—United States National Museum of 
Natural History - Smithsonian Institution, Washington.
Species Subspecies Sex Voucher
Cymbilaimus lineatus lineatus male LSUMZ 67236
Cymbilaimus lineatus fasciatus male LSUMZ 164137
Cymbilaimus lineatus intermedius male LSUMZ 109816
Cymbilaimus lineatus intermedius female LSUMZ 119691
Cymbilaimus sanctaemariae monotypic female LSUMZ 68109
Cymbilaimus sanctaemariae monotypic male MZUSP 64212
Cymbilaimus sanctaemariae monotypic male MZUSP 66061
Cymbilaimus sanctaemariae monotypic male MPEG 61294
Cymbilaimus sanctaemariae monotypic female MPEG 61295
Hypoedaleus guttatus monotypic male LSUMZ 101779
Hypoedaleus guttatus monotypic male LSUMZ 69110
Hypoedaleus guttatus monotypic female MZUSP 6359
Hypoedaleus guttatus monotypic female MZUSP 28289
Batara cinerea cinerea male LSUMZ 68255
Batara cinerea cinerea female LSUMZ 68019
Batara cinerea argentina male LSUMZ 153725
Batara cinerea cinerea female MZUSP 34022
Mackenziaena leachii monotypic female LSUMZ 62957
Mackenziaena leachii monotypic male MZUSP 31034
Mackenziaena leachii monotypic female MZUSP 36446
Mackenziaena leachii monotypic male MZUSP 34351
Mackenziaena severa monotypic male LSUMZ 71406
Mackenziaena severa monotypic female MZUSP 75666
Mackenziaena severa monotypic male MZUSP 70194
Mackenziaena severa monotypic female MZUSP 24126
Frederickena fulva monotypic male LSUMZ 115168
Frederickena fulva monotypic male LSUMZ 109823
Frederickena fulva monotypic female LSUMZ 70899
Frederickena fulva monotypic female LSUMZ 84759
Frederickena unduliger diversa male LSUMZ 115172
Frederickena unduliger pallida female MPEG 55867
Frederickena unduliger pallida female LSUMZ 42749
Frederickena unduliger diversa male LSUMZ 115171
Frederickena viridis monotypic female LSUMZ 178432
Frederickena viridis monotypic male LSUMZ 165707
Frederickena viridis monotypic male MPEG 59490
Frederickena viridis monotypic female MPEG 65409
Taraba major obscurus male LSUMZ 177725
Taraba major melanurus female LSUMZ 156455
Taraba major major male LSUMZ 124101
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Species Subspecies Sex Voucher
Taraba major major male LSUMZ 124106
Sakesphorus canadensis trinitatis male LSUMZ 175393
Sakesphorus canadensis trinitatis male LSUMZ 175395
Sakesphorus canadensis fumosus? female LSUMZ 67244
Sakesphorus canadensis loretoyacuensis male MPEG 62748
Sakesphorus luctuosus luctuosus female LSUMZ 67247
Sakesphorus luctuosus luctuosus female LSUMZ 67246
Sakesphorus luctuosus araguayae male MZUSP 83836
Sakesphorus luctuosus araguayae male MZUSP 42355
Sakesphoroides cristatus monotypic male LSUMZ 113492
Sakesphoroides cristatus monotypic male MZUSP 77763
Sakesphoroides cristatus monotypic female MZUSP 77765
Sakesphoroides cristatus monotypic male MPEG 68000
Sakesphoroides cristatus monotypic female MPEG 68001
Sakesphoroides cristatus monotypic female MZUSP 77766
Biatas nigropectus monotypic male LSUMZ 69111
Biatas nigropectus monotypic female LSUMZ 62949
Biatas nigropectus monotypic male LSUMZ 71407
Biatas nigropectus monotypic male MZUSP 58510
Biatas nigropectus monotypic male MPEG 64530
Thamnophilus doliatus signatus male LSUMZ 124115
Thamnophilus doliatus radiatus male LSUMZ 127131
Thamnophilus doliatus intermedius male LSUMZ 11403
Thamnophilus doliatus nigricristatus male LSUMZ 178080
Thamnophilus doliatus signatus female LSUMZ 116220
Thamnophilus doliatus doliatus male LSUMZ 175398
Thamnophilus ruficapillus ruficapillus male LSUMZ 65169
Thamnophilus ruficapillus marcapatae male LSUMZ 98320
Thamnophilus ruficapillus jaczewskii female LSUMZ 169877
Thamnophilus ruficapillus ruficapillus female MPEG 27603
Thamnophilus torquatus monotypic male LSUMZ 150739
Thamnophilus torquatus monotypic male MPEG 68014
Thamnophilus torquatus monotypic female MPEG 68017
Thamnophilus torquatus monotypic female MPEG 43482
Thamnophilus zarumae palamblae male LSUMZ 97675
Thamnophilus zarumae palamblae male LSUMZ 78424
Thamnophilus zarumae zarumae male LSUMZ 92327
Thamnophilus zarumae palamblae female LSUMZ 100681
Thamnophilus multistriatus brachyurus male LSUMZ 61571
Thamnophilus multistriatus brachyurus male LSUMZ 38670
Thamnophilus multistriatus brachyurus female LSUMZ 38671
Thamnophilus multistriatus multistriatus male ICN 36105
Thamnophilus multistriatus multistriatus male ICN 36108
Thamnophilus multistriatus multistriatus female ICN 36107
Thamnophilus tenuepunctatus berlepschi male LSUMZ 173967
Thamnophilus tenuepunctatus berlepschi female LSUMZ 173966
Thamnophilus tenuepunctatus berlepschi male LSUMZ 84774
Thamnophilus tenuepunctatus tenuepunctatus female ICN 11605
Thamnophilus tenuepunctatus tenuifasciatus male ICN 35951
Thamnophilus tenuepunctatus tenuepunctatus male ICN 33129
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Species Subspecies Sex Voucher
Thamnophilus palliatus puncticeps male LSUMZ 37679
Thamnophilus palliatus puncticeps male LSUMZ 179658
Thamnophilus palliatus puncticeps female LSUMZ 162662
Thamnophilus palliatus palliatus male MPEG 60367
Thamnophilus bernardi bernardi male LSUMZ 84767
Thamnophilus bernardi bernardi female LSUMZ 86081
Thamnophilus bernardi shumbae male LSUMZ 80557
Thamnophilus bernardi shumbae female LSUMZ 80561
Thamnophilus atrinucha atrinucha male LSUMZ 163575
Thamnophilus atrinucha atrinucha female LSUMZ 164142
Thamnophilus atrinucha atrinucha male LSUMZ 163574
Thamnophilus atrinucha atrinucha female LSUMZ 178008
Thamnophilus bridgesi monotypic male LSUMZ 174831
Thamnophilus bridgesi monotypic female LSUMZ 138710
Thamnophilus bridgesi monotypic male LSUMZ 177727
Thamnophilus bridgesi monotypic female LSUMZ 138909
Thamnophilus schistaceus capitalis male LSUMZ 92333
Thamnophilus schistaceus heterogynus male LSUMZ 165748
Thamnophilus schistaceus heterogynus female LSUMZ 165749
Thamnophilus schistaceus schistaceus male LSUMZ 132625
Thamnophilus schistaceus schistaceus female LSUMZ 132623
Thamnophilus murinus canipennis male LSUMZ 109843
Thamnophilus murinus canipennis female LSUMZ 109838
Thamnophilus murinus murinus male LSUMZ 178433
Thamnophilus murinus murinus female LSUMZ 175401
Thamnophilus nigriceps monotypic male LSUMZ 38673
Thamnophilus nigriceps monotypic male LSUMZ 178072
Thamnophilus nigriceps monotypic male ICN 13786
Thamnophilus nigriceps monotypic male ICN 18401
Thamnophilus nigriceps monotypic female ICN 18352
Thamnophilus praecox monotypic male ANSP 183277
Thamnophilus praecox monotypic female ANSP 183279
Thamnophilus praecox monotypic male ANSP 183282
Thamnophilus praecox monotypic female ANSP 183284
Thamnophilus cryptoleucus monotypic male LSUMZ 92328
Thamnophilus cryptoleucus monotypic male MPEG 53058
Thamnophilus cryptoleucus monotypic female LSUMZ 71281
Thamnophilus cryptoleucus monotypic female LSUMZ 119695
Thamnophilus nigrocinereus cinereoniger female LSUMZ 165766
Thamnophilus nigrocinereus cinereoniger male LSUMZ 165767
Thamnophilus nigrocinereus nigrocinereus male MPEG 61109
Thamnophilus nigrocinereus cinereoniger female MPEG 56354
Thamnophilus punctatus punctatus male LSUMZ 175399
Thamnophilus punctatus punctatus male MPEG 39098
Thamnophilus punctatus punctatus female MPEG 30101
Thamnophilus punctatus punctatus female MPEG 57849
Thamnophilus stictocephalus stictocephalus male MPEG 66981
Thamnophilus stictocephalus stictocephalus female MPEG 64160
Thamnophilus stictocephalus stictocephalus male MPEG 53781
Thamnophilus stictocephalus stictocephalus female MPEG 53782
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Species Subspecies Sex Voucher
Thamnophilus sticturus monotypic male LSUMZ 171281
Thamnophilus sticturus monotypic male MPEG 51845
Thamnophilus sticturus monotypic female MPEG 51847
Thamnophilus sticturus monotypic male MPEG 51846
Thamnophilus pelzelni monotypic male MZUSP 84387
Thamnophilus pelzelni monotypic female MZUSP 84385
Thamnophilus pelzelni monotypic male MZUSP 84389
Thamnophilus pelzelni monotypic female MZUSP 84388
Thamnophilus ambiguus monotypic male LSUMZ 70441
Thamnophilus ambiguus monotypic male MZUSP 2838
Thamnophilus ambiguus monotypic female MZUSP 28281
Thamnophilus ambiguus monotypic female MZUSP 28284
Thamnophilus caerulescens melanochrous male LSUMZ 74065
Thamnophilus caerulescens caerulescens NA MPEG 47255
Thamnophilus caerulescens ochraceiventer NA MPEG 87013
Thamnophilus caerulescens connectens female LSUMZ 124145
Thamnophilus unicolor caudatus male LSUMZ 84956
Thamnophilus unicolor caudatus female LSUMZ 78426
Thamnophilus unicolor grandior male LSUMZ 81951
Thamnophilus unicolor grandior female LSUMZ 172137
Thamnophilus aethiops aethiops male LSUMZ 83020
Thamnophilus aethiops punctuliger female MPEG 58705
Thamnophilus aethiops juruanus male MPEG 64546
Thamnophilus aethiops kapouni female LSUMZ 132605
Thamnophilus aethiops punctuliger male LSUMZ 150717
Thamnophilus aroyae monotypic female LSUMZ 90708
Thamnophilus aroyae monotypic female LSUMZ 171270
Thamnophilus aroyae monotypic male LSUMZ 179659
Thamnophilus aroyae monotypic male LSUMZ 96048
Thamnophilus melanonotus monotypic female LSUMZ 38668
Thamnophilus melanonotus monotypic male ICN 11643
Thamnophilus melanonotus monotypic male ICN 37714
Thamnophilus melanonotus monotypic male ICN 37693
Thamnophilus melanothorax monotypic male LSUMZ 67248
Thamnophilus melanothorax monotypic male MPEG 66226
Thamnophilus melanothorax monotypic male MPEG 65082
Thamnophilus melanothorax monotypic female MPEG 24051
Thamnophilus melanothorax monotypic female MPEG 21078
Thamnophilus amazonicus amazonicus male LSUMZ 137110
Thamnophilus amazonicus paraensis male MPEG 37864
Thamnophilus amazonicus divaricatus female MPEG 65413
Thamnophilus amazonicus amazonicus female LSUMZ 137106
Thamnophilus insignis monotypic male USNM CMN3674
Thamnophilus insignis monotypic female USNM BKS7452
Thamnophilus insignis monotypic male USNM CMM3674
Thamnophilus insignis monotypic male USNM 3738
Thamnophilus divisorius monotypic male MPEG 52753
Thamnophilus divisorius monotypic male MPEG 52754
Thamnophilus divisorius monotypic female MPEG 52750
Thamnophilus divisorius monotypic female MPEG 52751
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Table B.7. Continued. 
Species Subspecies Sex Voucher
Megastictus margaritatus monotypic male LSUMZ 109854
Megastictus margaritatus monotypic female LSUMZ 115202
Megastictus margaritatus monotypic male LSUMZ 115203
Megastictus margaritatus monotypic female LSUMZ 115200
Neoctantes niger monotypic male LSUMZ 109857
Neoctantes niger monotypic female LSUMZ 84797
Neoctantes niger monotypic male LSUMZ 115204
Neoctantes niger monotypic female LSUMZ 115206
Clytoctantes alixii monotypic male LSUMZ 161204
Clytoctantes alixii monotypic female ICN 35447
Clytoctantes alixii monotypic male ICN 35446
Clytoctantes atrogularis monotypic female MZUSP 66111
Thamnistes anabatinus rufescens male LSUMZ 105992
Thamnistes anabatinus saturatus male LSUMZ 163576
Thamnistes anabatinus coronatus female LSUMZ 108313
Thamnistes anabatinus rufescens female LSUMZ 84799
Thamnistes anabatinus anabatinus female LSUMZ 40746
Dysithamnus stictothorax monotypic male LSUMZ 113493
Dysithamnus stictothorax monotypic male MZUSP MG14
Dysithamnus stictothorax monotypic female MZUSP 60748
Dysithamnus stictothorax monotypic female MZUSP 6568
Dysithamnus mentalis septentrionalis male LSUMZ 27196
Dysithamnus mentalis mentalis male MZUSP 75515
Dysithamnus mentalis andrei female LSUMZ 175404
Dysithamnus mentalis suffusus male LSUMZ 104686
Dysithamnus mentalis aequatorialis male LSUMZ 92348
Dysithamnus mentalis tambillanus female LSUMZ 179012
Dysithamnus mentalis olivaceus female LSUMZ 128508
Dysithamnus striaticeps monotypic male LSUMZ 62659
Dysithamnus striaticeps monotypic female LSUMZ 62658
Dysithamnus striaticeps monotypic female LSUMZ B-72091
Dysithamnus striaticeps monotypic male LSUMZ B-72090
Dysithamnus puncticeps puncticeps female LSUMZ 163592
Dysithamnus puncticeps puncticeps female LSUMZ 164144
Dysithamnus puncticeps flemmingi female LSUMZ 112573
Dysithamnus puncticeps intensus male LSUMZ 177730
Dysithamnus xanthopterus monotypic male LSUMZ 62960
Dysithamnus xanthopterus monotypic male MZUSP 78347
Dysithamnus xanthopterus monotypic male MZUSP 78346
Dysithamnus xanthopterus monotypic female MZUSP 78348
Dysithamnus punctitectus monotypic male LSUMZ 172136
Dysithamnus punctitectus monotypic female LSUMZ 179006
Dysithamnus occidentalis occidentalis female IAvH 13391
Dysithamnus occidentalis occidentalis male IAvH 13390
Dysithamnus occidentalis occidentalis male ICN 25905
Dysithamnus plumbeus plumbeus male MZUSP 37863
Dysithamnus plumbeus plumbeus male MZUSP 25086
Dysithamnus plumbeus plumbeus female MZUSP 33379
Dysithamnus plumbeus plumbeus female MZUSP 34538
Dysithamnus leucostictus leucostictus male LSUMZ 172148
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Species Subspecies Sex Voucher
Dysithamnus leucostictus leucostictus male IAvH 11365
Dysithamnus leucostictus leucostictus female IAvH 10396
Dysithamnus leucostictus leucostictus female LSUMZ 172145
Dysithamnus leucostictus tucuyensis female LSUMZ 68543
Thamnomanes ardesiacus ardesiacus male LSUMZ 109901
Thamnomanes ardesiacus ardesiacus female LSUMZ 132658
Thamnomanes ardesiacus obidensis male LSUMZ 178436
Thamnomanes ardesiacus obidensis female LSUMZ 178435
Thamnomanes saturninus huallagae male LSUMZ 115235
Thamnomanes saturninus huallagae female LSUMZ 115243
Thamnomanes saturninus saturninus male LSUMZ 150757
Thamnomanes saturninus saturninus female LSUMZ 150755
Thamnomanes caesius glaucus male LSUMZ 109866
Thamnomanes caesius glaucus female LSUMZ 109882
Thamnomanes caesius persimilis male LSUMZ 153350
Thamnomanes caesius persimilis female LSUMZ 153352
Thamnomanes schistogynus schistogynus male LSUMZ 102090
Thamnomanes schistogynus schistogynus female LSUMZ 132644
Thamnomanes schistogynus intermedius male LSUMZ 156479
Thamnomanes schistogynus intermedius female LSUMZ 156476
Xenornis setifrons monotypic male USNM 608926
Xenornis setifrons monotypic female AMNH 802514
Pygiptila stellaris stellaris male LSUMZ 109848
Pygiptila stellaris stellaris female LSUMZ 132640
Pygiptila stellaris stellaris male LSUMZ 115194
Pygiptila stellaris stellaris female LSUMZ 71938
Epinecrophylla fulviventris monotypic male LSUMZ 163587
Epinecrophylla fulviventris monotypic male LSUMZ 178011
Epinecrophylla fulviventris monotypic female LSUMZ 177732
Epinecrophylla fulviventris monotypic female LSUMZ 163589
Epinecrophylla gutturalis monotypic male LSUMZ 53090
Epinecrophylla gutturalis monotypic male MPEG 66252
Epinecrophylla gutturalis monotypic female MPEG 66258
Epinecrophylla gutturalis monotypic female MPEG 66254
Epinecrophylla leucophthalma dissita male LSUMZ 52029
Epinecrophylla leucophthalma taxon nov. female LSUMZ 172928
Epinecrophylla leucophthalma leucophthalma male LSUMZ 150759
Epinecrophylla leucophthalma leucophthalma female LSUMZ 137147
Epinecrophylla haematonota haematonota male LSUMZ 109932
Epinecrophylla haematonota amazonica female LSUMZ 132702
Epinecrophylla haematonota pyrrhonota male LSUMZ 109938
Epinecrophylla haematonota taxon nov. female LSUMZ 109934
Epinecrophylla fjeldsaai monotypic female LSUMZ 83109
Epinecrophylla spodionota sororia male LSUMZ 116883
Epinecrophylla spodionota sororia female LSUMZ 116881
Epinecrophylla spodionota spodionota male LSUMZ 87968
Epinecrophylla spodionota spodionota female LSUMZ 87969
Epinecrophylla ornata meridionalis male LSUMZ 157127
Epinecrophylla ornata saturata male LSUMZ 92379
Epinecrophylla ornata hoffmansi female MPEG 53893
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Epinecrophylla ornata meridionalis male MPEG 61346
Epinecrophylla ornata meridionalis female MPEG 61345
Epinecrophylla erythrura septentrionalis male LSUMZ 116880
Epinecrophylla erythrura erythrura female LSUMZ 87970
Epinecrophylla erythrura erythrura male LSUMZ 83126
Epinecrophylla erythrura septentrionalis female LSUMZ 78457
Myrmotherula brachyura monotypic male LSUMZ 102097
Myrmotherula brachyura monotypic male MZUSP 84848
Myrmotherula brachyura monotypic female MZUSP 84846
Myrmotherula brachyura monotypic male MZUSP 84847
Myrmotherula obscura monotypic male LSUMZ 109917
Myrmotherula obscura monotypic female LSUMZ 109916
Myrmotherula obscura monotypic male LSUMZ 109908
Myrmotherula obscura monotypic female LSUMZ 156501
Myrmotherula ignota monotypic male LSUMZ 164145
Myrmotherula ignota monotypic female LSUMZ 162115
Myrmotherula ignota monotypic male LSUMZ 178016
Myrmotherula ignota monotypic female LSUMZ 178017
Myrmotherula ambigua monotypic male MPEG 53081
Myrmotherula sclateri monotypic male LSUMZ 132665
Myrmotherula sclateri monotypic male MPEG 39992
Myrmotherula sclateri monotypic female MPEG 39995
Myrmotherula sclateri monotypic female MPEG 39997
Myrmotherula surinamensis monotypic male MPEG 20264
Myrmotherula surinamensis monotypic male MPEG 21103
Myrmotherula surinamensis monotypic female MPEG 20262
Myrmotherula surinamensis monotypic female MPEG 21102
Myrmotherula multostriata monotypic male LSUMZ 115270
Myrmotherula multostriata monotypic female LSUMZ 137133
Myrmotherula multostriata monotypic male LSUMZ 115269
Myrmotherula multostriata monotypic female LSUMZ 116332
Myrmotherula pacifica monotypic male LSUMZ 108320
Myrmotherula pacifica monotypic female LSUMZ 177733
Myrmotherula pacifica monotypic male LSUMZ 108321
Myrmotherula pacifica monotypic female ICN 31576
Myrmotherula pacifica monotypic male ICN 31097
Myrmotherula cherriei monotypic male LSUMZ 165772
Myrmotherula cherriei monotypic male ICN 37230
Myrmotherula cherriei monotypic female ICN 37229
Myrmotherula cherriei monotypic female IAvH 11045
Myrmotherula klagesi monotypic male LSUMZ 165771
Myrmotherula klagesi monotypic male LSUMZ B-25560
Myrmotherula klagesi monotypic male LSUMZ B-25561
Myrmotherula klagesi monotypic female LSUMZ MCH 470/471
Myrmotherula longicauda australis male LSUMZ 102100
Myrmotherula longicauda australis female LSUMZ 102101
Myrmotherula longicauda pseudoaustralis male LSUMZ 173983
Myrmotherula longicauda australis male LSUMZ 173982
Isleria hauxwelli suffusa male LSUMZ 109926
Isleria hauxwelli suffusa female LSUMZ 109924
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Isleria hauxwelli hauxwelli male LSUMZ 84823
Isleria hauxwelli hauxwelli female LSUMZ 161753
Isleria guttata monotypic male LSUMZ 165714
Isleria guttata monotypic male MPEG 45899
Isleria guttata monotypic female MPEG 45900
Isleria guttata monotypic female MPEG 51034
Rhopias gularis monotypic male LSUMZ 52761
Rhopias gularis monotypic NA MZUSP 81489
Rhopias gularis monotypic male MZUSP 81490
Rhopias gularis monotypic male MZUSP 81160
Myrmotherula axillaris melaena male LSUMZ 115305
Myrmotherula axillaris axillaris male MPEG 56945
Myrmotherula axillaris fresnayana female LSUMZ 132726
Myrmotherula axillaris albigula male LSUMZ 108334
Myrmotherula axillaris albigula female LSUMZ 177734
Myrmotherula axillaris heterozyga male LSUMZ 156522
Myrmotherula axillaris heterozyga female LSUMZ 156519
Myrmotherula axillaris axillaris female LSUMZ 178447
Myrmotherula schisticolor interior female LSUMZ 116897
Myrmotherula schisticolor schisticolor male LSUMZ 138712
Myrmotherula schisticolor schisticolor female LSUMZ 108330
Myrmotherula schisticolor interior male LSUMZ 173985
Myrmotherula sunensis sunensis male LSUMZ 83141
Myrmotherula sunensis sunensis female LSUMZ 83146
Myrmotherula sunensis sunensis female LSUMZ 83145
Myrmotherula sunensis sunensis male LSUMZ 83142
Myrmotherula minor monotypic male MZUSP 60794
Myrmotherula minor monotypic male MZUSP 28292
Myrmotherula minor monotypic female MZUSP 70595
Myrmotherula minor monotypic female MZUSP 5477
Myrmotherula longipennis paraensis male MPEG 53675
Myrmotherula longipennis longipennis female MPEG 59604
Myrmotherula longipennis zimmeri male LSUMZ 109965
Myrmotherula longipennis ochrogyna female MPEG 35222
Myrmotherula urosticta monotypic male LSUMZ 113494
Myrmotherula urosticta monotypic male MZUSP 76219
Myrmotherula urosticta monotypic female MZUSP 76217
Myrmotherula urosticta monotypic female MZUSP 76218
Myrmotherula iheringi heteropetera male LSUMZ 98334
Myrmotherula iheringi NA male MZUSP 76979
Myrmotherula iheringi NA male MPEG 60200
Myrmotherula iheringi NA male MPEG 60199
Myrmotherula grisea monotypic male LSUMZ 90721
Myrmotherula grisea monotypic female LSUMZ 90719
Myrmotherula grisea monotypic male LSUMZ 179663
Myrmotherula grisea monotypic female LSUMZ 179664
Myrmotherula unicolor monotypic male LSUMZ 68022
Myrmotherula unicolor monotypic male MZUSP 79957
Myrmotherula unicolor monotypic female MZUSP 2188
Myrmotherula unicolor monotypic female MZUSP 67316
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Myrmotherula unicolor monotypic male MPEG 34454
Myrmotherula unicolor monotypic male MPEG 64842
Myrmotherula snowi monotypic male UFPE 2034
Myrmotherula snowi monotypic male UFPE 2061
Myrmotherula snowi monotypic female UFPE 2064
Myrmotherula behni inornata male LSUMZ 175410
Myrmotherula menetriesii pallida male LSUMZ 109978
Myrmotherula menetriesii omissa male MPEG 38067
Myrmotherula menetriesii omissa female MPEG 38212
Myrmotherula menetriesii berlepschi female LSUMZ 153368
Myrmotherula menetriesii menetriesii male LSUMZ 161758
Myrmotherula assimilis assimilis male LSUMZ 109982
Myrmotherula assimilis assimilis male MPEG 56696
Myrmotherula assimilis assimilis female MPEG 56697
Myrmotherula assimilis assimilis female LSUMZ 119767
Dichrozona cincta monotypic male LSUMZ 132757
Dichrozona cincta monotypic male MPEG 52512
Dichrozona cincta monotypic female MPEG 52861
Dichrozona cincta monotypic female LSUMZ 115337
Myrmorchilus strigilatus suspiax male LSUMZ 124176
Myrmorchilus strigilatus strigilatus female MZUSP 83290
Myrmorchilus strigilatus strigilatus female MZUSP 81588
Myrmorchilus strigilatus strigilatus male MZUSP 83289
Herpsilochmus sellowi monotypic NA MZUSP 83298
Herpsilochmus sellowi monotypic male MZUSP 80770
Herpsilochmus sellowi monotypic female MPEG 54040
Herpsilochmus sellowi monotypic male MPEG 54039
Herpsilochmus sellowi monotypic female MPEG 57350
Herpsilochmus pileatus monotypic female MZUSP 76469
Herpsilochmus pileatus monotypic male MZUSP 76468
Herpsilochmus pileatus monotypic male MZUSP 76470
Herpsilochmus pileatus monotypic male MZUSP 76471
Herpsilochmus pileatus monotypic female MPEG 54043
Herpsilochmus pileatus monotypic male MPEG 54042
Herpsilochmus atricapillus monotypic male LSUMZ 124185
Herpsilochmus atricapillus monotypic male MZUSP 83300
Herpsilochmus atricapillus monotypic male MZUSP 84393
Herpsilochmus atricapillus monotypic female MZUSP 31766
Herpsilochmus motacilloides monotypic female LSUMZ 128514
Herpsilochmus motacilloides monotypic male LSUMZ 128513
Herpsilochmus motacilloides monotypic female LSUMZ 106002
Herpsilochmus motacilloides monotypic male LSUMZ 106003
Herpsilochmus parkeri monotypic male LSUMZ 116906
Herpsilochmus parkeri monotypic male LSUMZ 116908
Herpsilochmus parkeri monotypic female LSUMZ 116903
Herpsilochmus parkeri monotypic female LSUMZ 116902
Herpsilochmus sticturus monotypic male LSUMZ 128512
Herpsilochmus sticturus monotypic male MPEG 64995
Herpsilochmus sticturus monotypic male MPEG 64996
Herpsilochmus sticturus monotypic male MPEG 65432
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Herpsilochmus dugandi monotypic male LSUMZ 128512
Herpsilochmus dugandi monotypic female LSUMZ 92402
Herpsilochmus stictocephalus monotypic male MPEG 64993
Herpsilochmus stictocephalus monotypic female MPEG 64994
Herpsilochmus stictocephalus monotypic female MPEG 64992
Herpsilochmus stictocephalus monotypic female MPEG 65433
Herpsilochmus gentryi monotypic male LSUMZ 172939
Herpsilochmus gentryi monotypic male LSUMZ 172933
Herpsilochmus gentryi monotypic female LSUMZ 172935
Herpsilochmus gentryi monotypic female LSUMZ 172938
Herpsilochmus dorsimaculatus monotypic male LSUMZ 53111
Herpsilochmus dorsimaculatus monotypic male MPEG 53110
Herpsilochmus dorsimaculatus monotypic male MPEG 64711
Herpsilochmus dorsimaculatus monotypic male MPEG 56389
Herpsilochmus roraimae monotypic male LSUMZ 175411
Herpsilochmus pectoralis monotypic male LSUMZ 71677
Herpsilochmus pectoralis monotypic male MZUSP 14256
Herpsilochmus pectoralis monotypic female MZUSP 6836
Herpsilochmus pectoralis monotypic female MZUSP 2848
Herpsilochmus pectoralis monotypic female MPEG 52474
Herpsilochmus longirostris monotypic male LSUMZ 150770
Herpsilochmus longirostris monotypic male MPEG 55927
Herpsilochmus longirostris monotypic female LSUMZ 150771
Herpsilochmus longirostris monotypic female LSUMZ 150769
Herpsilochmus axillaris monotypic female LSUMZ 84851
Herpsilochmus axillaris monotypic male LSUMZ 169888
Herpsilochmus axillaris monotypic male LSUMZ 179675
Herpsilochmus axillaris monotypic male LSUMZ 87989
Herpsilochmus rufimarginatus rufimarginatus male LSUMZ 68025
Herpsilochmus rufimarginatus NA male MZUSP 76222
Herpsilochmus rufimarginatus NA female MZUSP 25652
Herpsilochmus rufimarginatus frater male MZUSP 73351
Herpsilochmus rufimarginatus frater female LSUMZ 153373
Microrhopias quixensis albicauda female LSUMZ 132764
Microrhopias quixensis microstictus female MPEG 56388
Microrhopias quixensis virgata male LSUMZ 163580
Microrhopias quixensis intercedens male LSUMZ 119771
Formicivora iheringi monotypic male AMNH 243055
Formicivora iheringi monotypic female MZUSP 7639
Formicivora erythronotos monotypic male MZUSP 76678
Formicivora erythronotos monotypic female MZUSP 76679
Formicivora grisea rufiventris male MPEG 53486
Formicivora grisea grisea male LSUMZ 150780
Formicivora grisea grisea female LSUMZ 150778
Formicivora grisea grisea male LSUMZ 175413
Formicivora serrana serrana male LSUMZ 65176
Formicivora serrana serrana female MZUSP 10385
Formicivora serrana serrana female MZUSP 10384
Formicivora serrana serrana male MZUSP 25243
Formicivora serrana interposita male MPEG 46315
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Formicivora serrana interposita female MPEG 46316
Formicivora littoralis monotypic male MPEG 46318
Formicivora littoralis monotypic female MPEG 46320
Formicivora littoralis monotypic male MZUSP 73506
Formicivora littoralis monotypic female MZUSP 73507
Formicivora melanogaster melanogaster male LSUMZ 124196
Formicivora melanogaster melanogaster female MZUSP 84396
Formicivora melanogaster bahiae male MZUSP 81536
Formicivora melanogaster bahiae female MZUSP 83297
Formicivora rufa rufa male LSUMZ 124198
Formicivora rufa rufa male MZUSP 79627
Formicivora rufa rufa female MZUSP 79625
Formicivora rufa rufa female MZUSP 79626
Formicivora grantsaui monotypic female MZUSP 76677
Formicivora grantsaui monotypic male MZUSP 76676
Formicivora grantsaui monotypic male MPEG 60420
Formicivora grantsaui monotypic female MPEG 60419
Stymphalornis acutirostris monotypic male MZUSP 78797
Stymphalornis acutirostris monotypic female MZUSP 78798
Stymphalornis paulista monotypic male MZUSP 78796
Stymphalornis paulista monotypic female MZUSP 78788
Stymphalornis paulista monotypic male MZUSP 78787
Stymphalornis paulista monotypic male MZUSP 78794
Stymphalornis paulista monotypic male MZUSP 78791
Stymphalornis paulista monotypic male MZUSP 78790
Stymphalornis paulista monotypic female MZUSP 78792
Stymphalornis paulista monotypic female MZUSP 78793
Drymophila ferruginea monotypic female LSUMZ 68026
Drymophila ferruginea monotypic female MZUSP 76462
Drymophila ferruginea monotypic male MZUSP 76463
Drymophila ferruginea monotypic male MZUSP 76465
Drymophila rubricollis monotypic female LSUMZ 55393
Drymophila rubricollis monotypic male MZUSP 33392
Drymophila rubricollis monotypic male MZUSP 75192
Drymophila rubricollis monotypic female MZUSP V49
Drymophila genei monotypic male LSUMZ 113496
Drymophila genei monotypic male MZUSP 29129
Drymophila genei monotypic female MZUSP 26900
Drymophila genei monotypic female MZUSP 36341
Drymophila ochropyga monotypic female LSUMZ 65174
Drymophila ochropyga monotypic male MZUSP 288841
Drymophila ochropyga monotypic female MZUSP 55055
Drymophila ochropyga monotypic male MZUSP 75921
Drymophila malura monotypic male MZUSP 75513
Drymophila malura monotypic NA MZUSP 75514
Drymophila malura monotypic male MZUSP 75566
Drymophila malura monotypic male LSUMZ 53022
Drymophila squamata stictocorypha female LSUMZ 65172
Drymophila squamata NA male MZUSP 64992
Drymophila squamata NA male MZUSP 76215
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Drymophila squamata NA female MZUSP 24347
Drymophila devillei devillei male LSUMZ 102130
Drymophila devillei devillei male MZUSP 80174
Drymophila devillei devillei female LSUMZ 132780
Drymophila devillei devillei female LSUMZ 132785
Drymophila caudata peruviana male LSUMZ 87990
Drymophila caudata caudata female LSUMZ 81979
Drymophila caudata caudata female LSUMZ 179007
Drymophila caudata peruviana male LSUMZ 116911
Hypocnemis cantator notaea male LSUMZ 175415
Hypocnemis cantator cantator female MPEG 64997
Hypocnemis cantator cantator male MPEG 56000
Hypocnemis cantator cantator male MPEG 43766
Hypocnemis flavescens flavescens female IAvH 14319
Hypocnemis flavescens flavescens female IAvH 14350
Hypocnemis flavescens NA male AMNH 432681
Hypocnemis flavescens perflava male MPEG 45952
Hypocnemis peruviana saturata male LSUMZ 110032
Hypocnemis peruviana saturata female MPEG 43215
Hypocnemis peruviana peruviana male MPEG 63547
Hypocnemis peruviana peruviana female MPEG 64550
Hypocnemis subflava collinsi male LSUMZ 102137
Hypocnemis subflava collinsi male MPEG 61308
Hypocnemis subflava collinsi female MPEG 59855
Hypocnemis subflava collinsi female MPEG 58903
Hypocnemis ochrogyna monotypic male LSUMZ 137180
Hypocnemis ochrogyna monotypic male LSUMZ 137189
Hypocnemis ochrogyna monotypic female LSUMZ 137185
Hypocnemis ochrogyna monotypic female LSUMZ 137179
Hypocnemis striata striata male MPEG 67486
Hypocnemis striata striata female MPEG 55756
Hypocnemis striata implicata male MPEG 56710
Hypocnemis striata affinis female MPEG 52398
Hypocnemis hypoxantha hypoxantha female LSUMZ 115393
Hypocnemis hypoxantha ochraceiventris female MPEG 55465
Hypocnemis hypoxantha hypoxantha male MPEG 50605
Hypocnemis hypoxantha hypoxantha male MPEG 42685
Terenura maculata monotypic male MZUSP 49910
Terenura maculata monotypic female MZUSP 62534
Terenura maculata monotypic female MZUSP 49912
Terenura maculata monotypic male USNM 515966
Terenura callinota callinota male LSUMZ 87995
Terenura callinota callinota female LSUMZ 108346
Terenura callinota callinota female LSUMZ 173966
Terenura callinota callinota male LSUMZ 84862
Terenura humeralis monotypic female LSUMZ 119769
Terenura humeralis monotypic male LSUMZ 170889
Terenura spodioptila meridionalis male MPEG 53109
Terenura humeralis monotypic male LSUMZ 132786
Terenura humeralis monotypic male MPEG 63205
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Terenura sharpei monotypic male LSUMZ 171313
Terenura sharpei monotypic female LSUMZ 90722
Terenura sharpei monotypic male LSUMZ 90723
Terenura sharpei monotypic female LSUMZ 162682
Terenura spodioptila spodioptila NA USNM 625209
Terenura spodioptila signata NA IAvH 11286
Cercomacra cinerascens NA male LSUMZ 132791
Cercomacra cinerascens iterata female MZUSP 77355
Cercomacra cinerascens cinerascens female MPEG 45936
Cercomacra cinerascens immaculata male MPEG 55986
Cercomacra brasiliana monotypic male AMNH 802428
Cercomacra tyrannina rufiventris male LSUMZ 164151
Cercomacra tyrannina tyrannina male MPEG 59543
Cercomacra tyrannina saturatior male MPEG 55991
Cercomacra tyrannina crepera female LSUMZ 180748
Cercomacra tyrannina rufiventris female LSUMZ 163577
Cercomacra laeta laeta female LSUMZ 67319
Cercomacra laeta laeta male MZUSP 81277
Cercomacra laeta sabinoi female MZUSP 39064
Cercomacra laeta waimiri female MPEG 56535
Cercomacra laeta waimiri male MPEG 45937
Cercomacra parkeri monotypic male USNM 402347
Cercomacra parkeri monotypic female ICN 35886
Cercomacra parkeri monotypic male ICN 35884
Cercomacra parkeri monotypic male ICN 35888
Cercomacra nigrescens notata male LSUMZ 130261
Cercomacra nigrescens approximans female MPEG 31130
Cercomacra nigrescens nigrescens male LSUMZ 178453
Cercomacra nigrescens notata female LSUMZ 106013
Cercomacra serva monotypic male LSUMZ 132802
Cercomacra serva monotypic female MPEG 61426
Cercomacra serva monotypic male LSUMZ 116914
Cercomacra serva monotypic female LSUMZ 132814
Cercomacra nigricans monotypic male LSUMZ 108355
Cercomacra nigricans monotypic male LSUMZ 45438
Cercomacra carbonaria monotypic male LSUMZ 175414
Cercomacra carbonaria monotypic male MZUSP 77977
Cercomacra carbonaria monotypic male MZUSP 77978
Cercomacra carbonaria monotypic male MZUSP 77979
Cercomacra melanaria monotypic male LSUMZ 37724
Cercomacra melanaria monotypic male MZUSP 79312
Cercomacra melanaria monotypic male MZUSP 79313
Cercomacra melanaria monotypic NA MZUSP 30037
Cercomacra melanaria monotypic female LSUMZ 37725
Cercomacra manu monotypic male LSUMZ 132816
Cercomacra manu monotypic female LSUMZ 132817
Cercomacra ferdinandi monotypic male MZUSP 80347
Cercomacra ferdinandi monotypic NA MZUSP 82694
Cercomacra ferdinandi monotypic male MZUSP 76188
Cercomacra ferdinandi monotypic male MZUSP 76182
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Pyriglena leuconota castanoptera NA LSUMZ 92409
Pyriglena leuconota maura male LSUMZ 124206
Pyriglena leuconota similis male MPEG 59142
Pyriglena leuconota interposita female MPEG 38179
Pyriglena atra monotypic male MZUSP 5264
Pyriglena atra monotypic female MZUSP 83421
Pyriglena leucoptera monotypic male LSUMZ 53024
Pyriglena leucoptera monotypic female LSUMZ 63371
Pyriglena leucoptera monotypic male LSUMZ 55414
Rhopornis ardesiacus monotypic male AMNH 243135
Rhopornis ardesiacus monotypic female AMNH 243136
Myrmoborus leucophrys leucophrys male LSUMZ 102149
Myrmoborus leucophrys leucophrys male MPEG 52403
Myrmoborus leucophrys koenigorum female LSUMZ 174002
Myrmoborus leucophrys angustirostris female LSUMZ 178479
Myrmoborus lugubris lugubris male USNM 120951
Myrmoborus lugubris berlepschi male LSUMZ 119787
Myrmoborus lugubris stictopterus male MPEG 56404
Myrmoborus lugubris femininus female MPEG 35527
Myrmoborus lugubris stictopterus male LSUMZ  B-25513
Myrmoborus myotherinus myotherinus male LSUMZ 132855
Myrmoborus myotherinus elegans male MPEG 59557
Myrmoborus myotherinus sororius female MPEG 54980
Myrmoborus myotherinus ochrolaema female MPEG 61117
Myrmoborus melanurus monotypic male LSUMZ 42774
Myrmoborus melanurus monotypic male LSUMZ 172944
Myrmoborus melanurus monotypic female LSUMZ 172942
Myrmoborus melanurus monotypic female LSUMZ 172946
Myrmoborus melanurus monotypic male LSUMZ 172941
Hypocnemoides maculicauda monotypic male LSUMZ 119802
Hypocnemoides maculicauda monotypic male MPEG 51554
Hypocnemoides maculicauda monotypic female MPEG 51557
Hypocnemoides maculicauda monotypic female LSUMZ 137195
Hypocnemoides melanopogon melanopogon male LSUMZ 115400
Hypocnemoides melanopogon melanopogon male MPEG 64715
Hypocnemoides melanopogon melanopogon female MPEG 45956
Hypocnemoides melanopogon melanopogon female LSUMZ 115401
Myrmochanes hemileucus monotypic male LSUMZ 119820
Myrmochanes hemileucus monotypic male LSUMZ 119826
Myrmochanes hemileucus monotypic female LSUMZ 110055
Myrmochanes hemileucus monotypic female LSUMZ 110053
Gymnocichla nudiceps nudiceps female LSUMZ 108367
Gymnocichla nudiceps nudiceps male LSUMZ 108366
Gymnocichla nudiceps nudiceps female LSUMZ 108368
Gymnocichla nudiceps nudiceps male LSUMZ 108369
Sclateria naevia argentata male LSUMZ 132875
Sclateria naevia naevia male MPEG 47435
Sclateria naevia naevia female MPEG 48853
Sclateria naevia argentata female LSUMZ 137201
Percnostola rufifrons rufifrons male LSUMZ 178351
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Percnostola rufifrons rufifrons female LSUMZ 178465
Percnostola rufifrons rufifrons male MPEG 65782
Percnostola rufifrons rufifrons female MPEG 56960
Percnostola rufifrons subcristata male MPEG 56368
Percnostola rufifrons subcristata female MPEG 66879
Percnostola rufifrons minor female MPEG 62793
Percnostola rufifrons minor male MPEG 62795
Percnostola rufifrons jensoni male LSUMZ 119833
Percnostola rufifrons jensoni female LSUMZ 119829
Percnostola rufifrons jensoni female LSUMZ 119831
Percnostola arenarum alvarezi female LSUMZ 172964
Percnostola arenarum alvarezi female LSUMZ JAA056
Percnostola arenarum alvarezi male LSUMZ 172961
Percnostola arenarum alvarezi male LSUMZ 172962
Percnostola lophotes monotypic male LSUMZ 84893
Percnostola lophotes monotypic female LSUMZ 84891
Percnostola lophotes monotypic male LSUMZ 132899
Percnostola lophotes monotypic female LSUMZ 157131
Schistocichla schistacea monotypic male LSUMZ 11516
Schistocichla schistacea monotypic male MPEG 49679
Schistocichla schistacea monotypic female MPEG 49680
Schistocichla schistacea monotypic female LSUMZ 119837
Schistocichla leucostigma subplumbea male LSUMZ 110077
Schistocichla leucostigma leucostigma female MPEG 53122
Schistocichla leucostigma leucostigma male MPEG 53120
Schistocichla leucostigma intensa female LSUMZ130268
Schistocichla humaythae monotypic male LSUMZ 132887
Schistocichla humaythae monotypic male MPEG 58736
Schistocichla humaythae monotypic male MPEG 58735
Schistocichla humaythae monotypic female MPEG 61480
Schistocichla brunneiceps monotypic male LSUMZ 78496
Schistocichla brunneiceps monotypic female LSUMZ 78499
Schistocichla rufifacies monotypic male AMNH 788581
Schistocichla rufifacies monotypic male MPEG 41849
Schistocichla rufifacies monotypic male MPEG 55458
Schistocichla rufifacies monotypic female MPEG 57355
Schistocichla rufifacies monotypic female MPEG 55459
Schistocichla saturata monotypic male KU 93448
Schistocichla saturata monotypic male KU 93449
Schistocichla saturata monotypic female KU 93450
Schistocichla caurensis monotypic male USNM 444127
Myrmeciza longipes griseipectus female LSUMZ 68550
Myrmeciza longipes griseipectus male IAvH 14174
Myrmeciza longipes griseipectus female IAvH 14173
Myrmeciza longipes griseipectus male MPEG 58339
Myrmeciza longipes panamensis male LSUMZ 178082
Myrmeciza exsul exsul male LSUMZ 163594
Myrmeciza exsul exsul female LSUMZ 156159
Myrmeciza exsul cassini female LSUMZ 178021
Myrmeciza exsul maculifer male LSUMZ 112580
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Myrmeciza ferruginea ferruginea male LSUMZ 67334
Myrmeciza ferruginea ferruginea male MPEG 65463
Myrmeciza ferruginea ferruginea female MPEG 43767
Myrmeciza ferruginea eluta male MPEG 65130
Myrmeciza ferruginea eluta female MPEG 66880
Myrmeciza ruficauda ruficauda male LSUMZ 113498
Myrmeciza ruficauda NA male MZUSP 80462
Myrmeciza ruficauda soror male MZUSP 39906
Myrmeciza ruficauda soror male MZUSP 37432
Myrmeciza loricata monotypic male MPEG 47262
Myrmeciza loricata monotypic male LSUMZ 113499
Myrmeciza loricata monotypic male MZUSP 82573
Myrmeciza loricata monotypic female MZUSP 82568
Myrmeciza loricata monotypic female MZUSP 82569
Myrmeciza squamosa monotypic male LSUMZ 52763
Myrmeciza squamosa monotypic male MZUSP 81481
Myrmeciza squamosa monotypic male MZUSP 82547
Myrmeciza squamosa monotypic female MZUSP 75101
Myrmeciza squamosa monotypic female MZUSP 79956
Myrmeciza palliata monotypic female USNM 411596
Myrmeciza palliata monotypic male ICN 32576
Myrmeciza palliata monotypic male IAvH 920
Myrmeciza palliata monotypic male ICN 33509
Myrmeciza palliata monotypic male ICN 15908
Myrmeciza laemosticta monotypic female LSUMZ GAB332
Myrmeciza laemosticta monotypic female LSUMZ 177737
Myrmeciza nigricauda monotypic female USNM 443294
Myrmeciza berlepschi monotypic male LSUMZ 38689
Myrmeciza berlepschi monotypic female LSUMZ 162112
Myrmeciza berlepschi monotypic male LSUMZ 162113
Myrmeciza berlepschi monotypic male LSUMZ 112582
Myrmeciza pelzelni monotypic male IAvH 11238
Myrmeciza pelzelni monotypic female IAvH 11252
Myrmeciza pelzelni monotypic male IAvH 11290
Myrmeciza pelzelni monotypic male USNM 326298
Myrmeciza hemimelaena pallens male LSUMZ 137225
Myrmeciza hemimelaena pallens male MPEG 55462
Myrmeciza hemimelaena pallens female MPEG 39964
Myrmeciza hemimelaena hemimelaena female LSUMZ 156583
Myrmeciza castanea monotypic male LSUMZ 84901
Myrmeciza castanea monotypic female LSUMZ 84906
Myrmeciza castanea monotypic male LSUMZ 174004
Myrmeciza castanea monotypic male LSUMZ 84899
Myrmeciza atrothorax melanura male LSUMZ 124217
Myrmeciza atrothorax melanura male MPEG 52400
Myrmeciza atrothorax atrothorax female MPEG 45963
Myrmeciza atrothorax obscurata female LSUMZ 115430
Myrmeciza melanoceps monotypic female LSUMZ 110082
Myrmeciza melanoceps monotypic female LSUMZ 83224
Myrmeciza melanoceps monotypic male LSUMZ 172972
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Myrmeciza melanoceps monotypic male LSUMZ 110081
Myrmeciza goeldii monotypic male LSUMZ 84908
Myrmeciza goeldii monotypic male MPEG 63536
Myrmeciza goeldii monotypic female MPEG 61536
Myrmeciza goeldii monotypic female LSUMZ 157135
Myrmeciza hyperythra monotypic male LSUMZ 70907
Myrmeciza hyperythra monotypic male MPEG 61313
Myrmeciza hyperythra monotypic female MPEG 49999
Myrmeciza hyperythra monotypic female LSUMZ 83213
Myrmeciza fortis fortis male LSUMZ 115438
Myrmeciza fortis incanescens male MPEG 62924
Myrmeciza fortis fortis female MPEG 49997
Myrmeciza fortis fortis female LSUMZ 156580
Myrmeciza immaculata berlepschi male LSUMZ 104688
Myrmeciza immaculata berlepschi male LSUMZ 112581
Myrmeciza immaculata immaculata male ICN 32830
Myrmeciza immaculata immaculata male ICN 32831
Myrmeciza immaculata berlepschi female LSUMZ 104689
Myrmeciza disjuncta monotypic female USNM 596820
Myrmeciza disjuncta monotypic male IAvH 14248
Myrmeciza disjuncta monotypic female IAvH 14234
Myrmeciza disjuncta monotypic male IAvH 14233
Myrmeciza griseiceps monotypic female LSUMZ 78504
Myrmeciza griseiceps monotypic male LSUMZ 78509
Myrmeciza griseiceps monotypic male LSUMZ DG025
Myrmeciza griseiceps monotypic female LSUMZ CJS265
Myrmornis torquata stictoptera female LSUMZ 104691
Myrmornis torquata torquata male MPEG 46042
Myrmornis torquata torquata female MPEG 61494
Myrmornis torquata stictoptera male LSUMZ 104690
Pithys albifrons peruvianus male LSUMZ 116931
Pithys albifrons peruvianus female MPEG 59533
Pithys albifrons albifrons male MPEG 64725
Pithys albifrons albifrons female MPEG 65800
Pithys castaneus monotypic female LSUMZ 172973
Pithys castaneus monotypic male LSUMZ 172975
Pithys castaneus monotypic female LSUMZ 172974
Pithys castaneus monotypic male LSUMZ 172977
Gymnopithys leucaspis olivascens male LSUMZ 180750
Gymnopithys leucaspis aequatorialis male LSUMZ 112584
Gymnopithys leucaspis bicolor male LSUMZ 164166
Gymnopithys leucaspis bicolor female LSUMZ 108359
Gymnopithys leucaspis castanea female LSUMZ 83240
Gymnopithys leucaspis lateralis female MPEG 59538
Gymnopithys leucaspis lateralis male MPEG 42708
Gymnopithys leucaspis castanea female LSUMZ 110147
Gymnopithys leucaspis peruana male LSUMZ 116946
Gymnopithys rufigula pallida male LSUMZ 68553
Gymnopithys rufigula rufigula male MPEG 43772
Gymnopithys rufigula rufigula female MPEG 66153
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Gymnopithys rufigula rufigula female LSUMZ 178461
Gymnopithys rufigula rufigula female LSUMZ 178459
Gymnopithys rufigula pallida female LSUMZ 175423
Gymnopithys salvini monotypic male LSUMZ 132956
Gymnopithys salvini monotypic male MPEG 54997
Gymnopithys salvini monotypic female MPEG 49484
Gymnopithys salvini monotypic female LSUMZ 78519
Gymnopithys lunulatus monotypic female LSUMZ 161784
Gymnopithys lunulatus monotypic male LSUMZ 110124
Gymnopithys lunulatus monotypic male LSUMZ 161783
Gymnopithys lunulatus monotypic female LSUMZ 172980
Rhegmatorhina gymnops monotypic female USNM 120960
Rhegmatorhina gymnops monotypic male MPEG 65697
Rhegmatorhina gymnops monotypic male MPEG 59153
Rhegmatorhina gymnops monotypic female MPEG 67657
Rhegmatorhina gymnops monotypic female MPEG 59152
Rhegmatorhina berlepschi monotypic male AMNH 286932
Rhegmatorhina berlepschi monotypic female MZUSP 76331
Rhegmatorhina berlepschi monotypic female MZUSP 76333
Rhegmatorhina berlepschi monotypic male MZUSP 76332
Rhegmatorhina hoffmannsi monotypic male AMNH 491345
Rhegmatorhina hoffmannsi monotypic male MPEG 39791
Rhegmatorhina hoffmannsi monotypic male MPEG 57682
Rhegmatorhina hoffmannsi monotypic female MPEG 39808
Rhegmatorhina hoffmannsi monotypic female MPEG 57686
Rhegmatorhina cristata monotypic female LSUMZ 104957
Rhegmatorhina cristata monotypic female MPEG 55865
Rhegmatorhina cristata monotypic male MPEG 42724
Rhegmatorhina cristata monotypic female MPEG 42725
Rhegmatorhina melanosticta melanosticta male LSUMZ 115512
Rhegmatorhina melanosticta purusiana female MPEG 52172
Rhegmatorhina melanosticta purusiana male MPEG 60021
Rhegmatorhina melanosticta badia female LSUMZ 132982
Hylophylax naevioides naevioides male LSUMZ 164155
Hylophylax naevioides naevioides female LSUMZ 164156
Hylophylax naevioides naevioides male LSUMZ 104692
Hylophylax naevioides naevioides female LSUMZ 164157
Hylophylax naevius theresae male LSUMZ 102201
Hylophylax naevius naevius male MPEG 65815
Hylophylax naevius naevius female MPEG 65814
Hylophylax naevius ochraceus female MPEG 51578
Hylophylax punctulatus monotypic female LSUMZ 115537
Hylophylax punctulatus monotypic male MPEG 38047
Hylophylax punctulatus monotypic female MPEG 38200
Hylophylax punctulatus monotypic male MPEG 43230
Willisornis poecilinotus poecilinotus female MPEG 65805
Willisornis poecilinotus poecilinotus male LSUMZ 110185
Willisornis poecilinotus duidae male MPEG 59581
Willisornis poecilinotus duidae female MPEG 59579
Willisornis poecilinotus griseiventris male MPEG 58216
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Willisornis poecilinotus griseiventris female MPEG 57264
Willisornis poecilinotus nigrigula male MPEG 56232
Willisornis poecilinotus nigrigula female MPEG 55666
Willisornis vidua monotypic male MPEG 61128
Willisornis vidua monotypic female MPEG 61125
Willisornis vidua monotypic male LSUMZ 67352
Willisornis vidua monotypic female LSUMZ 67349
Phlegopsis nigromaculata nigromaculata male LSUMZ 137280
Phlegopsis nigromaculata bowmani female MPEG 57368
Phlegopsis nigromaculata paraensis male MPEG 51986
Phlegopsis nigromaculata nigromaculata female LSUMZ 110205
Phlegopsis erythroptera erythroptera male LSUMZ 110211
Phlegopsis erythroptera erythroptera female MPEG 59607
Phlegopsis erythroptera ustulata male MPEG 60731
Phlegopsis erythroptera ustulata female MPEG 57146
Phlegopsis borbae monotypic male AMNH 491993
Phlegopsis borbae monotypic male MZUSP 84827
Phlegopsis borbae monotypic female MZUSP 84826
Phlegopsis borbae monotypic male MZUSP 84825
Phlegopsis borbae monotypic female MZUSP 80544
Phaenostictus mcleannani mcleannani female LSUMZ 163606
Phaenostictus mcleannani mcleannani female LSUMZ 104693
Phaenostictus mcleannani mcleannani male LSUMZ 177738
Phaenostictus mcleannani mcleannani male LSUMZ 108372
Table B.8. List of analyzed recordings not included in Isler & Whitney (2002). Sound archives: 
BSA—Banco de Sonidos Animales Instituto Alexander von Humboldt, Villa de Leyva, 
Colombia; XC—xeno-canto (www.xeno-canto.com). 
Species Recording
Frederickena unduligera XC 12140
Clytoctantes alixii XC 12433
Dysithamnus occidentalis BSA 15760
Myrmotherula ignota XC 57934
Formicivora grantsaui XC 82612
Hypocnemis peruviana XC 34356
Pyriglena leuconota XC 1625
Schistocichla humaythae XC 39821
Schistocichla brunneiceps XC 22908
Myrmeciza palliata XC 10725
Willisornis vidua XC 7106
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Table B.9. Foraging strata, predicted species richness, and biogeographical regions where each 
species occurs. Biogeographical regions: (A) Amazonia; (B) Atlantic Forest; (C) Andes; (D) 
Central America–Trans-Andean South America; (E) Cerrado–Caatinga-Chaco; (F) Guianan 
Shield–Llanos.
Species Foraging strata Predicted species richness Region
Cymbilaimus lineatus Midstory 2 ADF
Cymbilaimus sanctamariae Midstory 1 A
Hypoedaleus guttatus Canopy 1 B
Batara cinerea Understory 2 BE
Mackenziaena leachii Understory 1 B
Mackenziaena severa Understory 1 B
Frederickena viridis Understory 1 F
Frederickena fulva Understory 1 A
Frederickena unduliger Understory 1 A
Taraba major Understory 3 ABDEF
Sakesphorus canadensis Midstory 2 ABDF
Sakesphorus luctuosus Midstory 1 A
Sakesphoroides cristatus Understory 1 E
Biatas nigropectus Midstory 1 B
Thamnophilus bernardi Midstory 1 D
Thamnophilus melanonotus Midstory 1 D
Thamnophilus melanothorax Understory 1 F
Thamnophilus doliatus Understory 2 ABDEF
Thamnophilus zarumae Midstory 1 D
Thamnophilus multistriatus Midstory 1 D
Thamnophilus tenuepunctatus Midstory 1 C
Thamnophilus palliatus Midstory 1 ABE
Thamnophilus nigriceps Understory 1 D
Thamnophilus praecox Understory 1 A
Thamnophilus nigrocinereus Understory 1 A
Thamnophilus cryptoleucus Understory 1 A
Thamnophilus aethiops Understory 3 ABF
Thamnophilus unicolor Understory 1 C
Thamnophilus schistaceus Midstory 2 A
Thamnophilus murinus Midstory 1 AF
Thamnophilus aroyae Understory 1 C
Thamnophilus atrinucha Midstory 1 D
Thamnophilus punctatus Midstory 1 AF
Thamnophilus stictocephalus Midstory 1 A
Thamnophilus sticturus Midstory 1 E
Thamnophilus pelzelni Midstory 1 E
Thamnophilus ambiguus Midstory 1 B
Thamnophilus amazonicus Midstory 1 AF
Thamnophilus insignis Midstory 1 F
Thamnophilus divisorius Midstory 1 A
Thamnophilus caerulescens Midstory 1 ABE
Thamnophilus torquatus Understory 1 BE
Thamnophilus ruficapillus Understory 1 BE
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Species Foraging strata Predicted species richness Region
Thamnophilus bridgesi Midstory 1 D
Megastictus margaritatus Understory 1 A
Neoctantes niger Understory 1 A
Clytoctantes alixii Understory 1 D
Clytoctantes atrogularis Understory 1 A
Thamnistes anabatinus Canopy 2 CD
Dysithamnus stictothorax Midstory 2 B
Dysithamnus mentalis Midstory 3 BCDEF
Dysithamnus puncticeps Midstory 1 D
Dysithamnus xanthopterus Midstory 1 B
Dysithamnus occidentalis Understory 3 C
Dysithamnus leucostictus Understory 3 AF
Dysithamnus plumbeus Understory 1 B
Dysithamnus striaticeps Midstory 1 D
Thamnomanes ardesiacus Understory 1 AF
Thamnomanes saturninus Understory 1 A
Thamnomanes caesius Understory 2 AB
Thamnomanes schistogynus Understory 1 A
Xenornis setifrons Understory 1 D
Pygiptila stellaris Canopy 1 AF
Epinecrophylla fulviventris Understory 1 D
Epinecrophylla gutturalis Understory 1 F
Epinecrophylla leucophthalma Understory 2 A
Epinecrophylla haematonota Understory 3 A
Epinecrophylla fjeldsaai Understory 1 A
Epinecrophylla spodionota Understory 1 C
Epinecrophylla ornata Midstory 1 A
Epinecrophylla erythrura Midstory 1 A
Myrmotherula brachyura Canopy 2 AF
Myrmotherula ignota Canopy 1 D
Myrmotherula obscura Canopy 1 A
Myrotherula ambigua Canopy 1 AF
Myrmotherula sclateri Canopy 1 A
Myrmotherula surinamensis Midstory 1 F
Myrmotherula multostriata Midstory 1 A
Myrmotherula pacifica Midstory 1 D
Myrmotherula cherriei Midstory 1 AF
Myrmotherula klagesi Canopy 1 A
Myrmotherula longicauda Understory 1 C
Isleria hauxwelli Understory 1 A
Isleria guttata Understory 1 F
Rhopias gularis Understory 1 B
Myrmotherula axillaris Understory 4 ABDF
Myrmotherula schisticolor Understory 2 CD
Myrmotherula minor Midstory 1 B
Myrmotherula longipennis Midstory 1 A
Myrmotherula urosticta Midstory 1 B
Myrmotherula iheringi Midstory 2 A
Myrmotherula grisea Midstory 1 C
164
Table B.9. Continued. 
Species Foraging strata Predicted species richness Region
Myrmotherula unicolor Midstory 1 B
Myrmotherula snowi Understory 1 B
Myrmotherula behni Midstory 1 CF
Myrmotherula menetriesii Midstory 3 AF
Myrmotherula assimilis Midstory 1 A
Dichrozona cincta Understory 1 A
Myrmorchhilus strigilatus Understory 2 E
Herpsilochmus sellowi Midstory 2 AE
Herpsilochmus pileatus Midstory 1 B
Herpsilochmus atricapillus Midstory 2 E
Herpsilochmus matacilloides Canopy 1 C
Herpsilochmus parkeri Canopy 1 C
Herpsilochmus sticturus Canopy 1 F
Herpsilochmus dugandi Canopy 1 A
Herpsilochmus stictocephalus Canopy 1 F
Herpsilochmus gentryi Canopy 1 A
Herpsilochmus dorsimaculatus Canopy 2 AF
Herpsilochmus roraimae Canopy 1 F
Herpsilochmus pectoralis Midstory 1 E
Herpsilochmus longirostris Midstory 1 E
Herpsilochmus axillaris Canopy 2 C
Herpsilochmus rufimarginatus Canopy 3 ABDE
Microrhopias quixensis Midstory 3 ADF
Formicivora iheringi Midstory 1 E
Formicivora grisea Midstory 4 ABDE
Formicivora serrana Understory 1 B
Formicivora littoralis Midstory 1 B
Formicivora melanogaster Midstory 2 E
Formicivora rufa Understory 2 ABE
Formicivora grantsaui Understory 1 E
Stymphalornis acutirsotris Understory 2 B
Drymophila ferruginea Midstory 1 B
Drymophila rubricollis Midstory 1 B
Drymophila genei Understory 1 B
Drymophila ochropyga Understory 1 B
Drymophila malura Understory 1 B
Drymophila squamata Understory 2 B
Drymophila devillei Midstory 2 AE
Drymophila caudata Midstory 4 C
Hypocnemis cantator Understory 1 F
Hypocnemis flavescens Understory 1 AF
Hypocnemis peruviana Understory 1 A
Hypocnemis subflava Understory 1 A
Hypocnemis ochrogyna Understory 1 A
Hypocnemis striata Understory 2 A
Hypocnemis hypoxantha Understory 3 A
Terenura maculata Midstory 2 B
Euchrepomis callinota Canopy 3 CDF
Euchrepomis humeralis Canopy 2 A
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Euchrepomis sharpei Canopy 1 C
Euchrepomis spodioptila Canopy 2 F
Cercomacra cinerascens Canopy 1 AF
Cercomacra brasiliana Midstory 1 B
Cercomacra tyrannina Understory 2 ADF
Cercomacra laeta Understory 1 AE
Cercomacra parkeri Understory 1 C
Cercomacra nigrescens Understory 1 A
Cercomacra serva Understory 1 A
Cercomacra nigricans Midstory 1 DF
Cercomacra carbonaria Midstory 1 F
Cercomacra melanaria Understory 1 E
Cercomacra manu Understory 2 A
Cercomacra ferdinandi Midstory 1 A
Pyriglena leuconota Understory 3 ACDE
Pyriglena leucoptera Understory 2 B
Rhopornis ardesiacus Understory 1 E
Myrmoborus leucophrys Understory 2 AF
Myrmoborus lugubris Understory 1 A
Myrmoborus myotherinus Understory 2 A
Myrmoborus melanurus Understory 1 A
Hypocnemoides melanopogon Understory 1 AF
Hypocnemoides maculicauda Understory 1 A
Myrmochanes hemileucus Understory 1 A
Gymnocichla nudiceps Understory 1 D
Sclateria naevia Understory 1 AF
Percnostola rufifrons Understory 3 AF
Percnostola arenarum Understory 1 A
Percnostola lophotes Understory 1 A
Schistocichla schistacea Understory 1 A
Schistocichla leucostigma Understory 2 AF
Schistocichla humaythae Understory 1 A
Schistocichla brunneiceps Understory 1 A
Schistocichla rufifacies Understory 1 A
Schistocichla saturata Understory 1 F
Myrmeciza longipes Understory 2 DF
Myrmeciza exsul Understory 1 D
Myrmeciza ferruginea Understory 1 F
Myrmeciza ruficauda Understory 1 B
Myrmeciza loricata Understory 1 B
Myrmeciza squamosa Understory 1 B
Myrmeciza laemosticta Understory 1 D
Myrmeciza palliata Understory 1 D
Myrmeciza nigricauda Understory 1 D
Myrmeciza berlepschi Understory 1 D
Myrmeciza pelzelni Understory 1 AF
Myrmeciza hemimelaena Understory 2 A
Myrmeciza castanea Understory 1 A
Myrmeciza atrothorax Understory 1 AF
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Myrmeciza melanoceps Understory 1 A
Myrmeciza goeldii Understory 1 A
Myrmeciza hyperythra Understory 1 A
Myrmeciza fortis Understory 1 A
Myrmeciza immaculata Understory 1 CD
Myrmeciza disjuncta Understory 1 F
Myrmeciza griseiceps Understory 1 D
Myrmornis torquata Understory 2 ADF
Pithys albifrons Understory 1 AF
Pithys castanea Understory 1 A
Gymnopithys leucaspis Understory 2 AD
Gymnopithys rufigula Understory 1 AF
Gymnopithys salvini Understory 1 A
Gymnopithys lunulatus Understory 1 A
Rhegmatorhina gymnops Understory 1 A
Rhegmatorhina berlepschi Understory 1 A
Rhegmatorhina hoffmansi Understory 1 A
Rhegmatorhina cristata Understory 1 A
Rhegmatorhina melanosticta Understory 1 A
Hylophylax naevioides Understory 1 D
Hylophylax naevius Understory 1 AF
Hylophylax punctulatus Understory 1 A
Willisornis poecilonotus Understory 3 AF
Willisornis vidua Understory 1 A
Phlegopsis nigromaculata Understory 1 A
Phlegopsis erythroptera Understory 1 A
Phlegopsis borbae Understory 1 A
Phaenostictus mcleannani Understory 1 D
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